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I HAVE to thank you for the proud distinction bestowed in electing 
me to the Presidential Chair of this Society. It is, indeed, a high 
honour to occupy a Chair that has been filled by so many men 
eminent in science, of whom I shall only mention three. Not 
that these stand alone, but merely because they are all of one 
surname. I allude to Professors Thomas Thomson, Allen Thom- 
son, and Sir William Thomson. These are but a sample of the 
distinguished men who have adorned this seat; of men sufficiently 
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numerous and *<iti^*ent to dwarf into insignificance the humble 

individual wKor'noV stands before you, professing to deliver what 

• * • 

is termed, 831 Opening Address to scores of gentlemen more capable 
than hijiIseJIL For this Society (whose membership is upwards of 
700) OQmJ)rises most of the scientific men of the most populous 
portion of our native country — indeed, fully one-third of the 
population of Scotland resides within twenty miles of Glasgow. 
. \/<rhe subject chosen is a biological one, mainly psychological — 
•'.•,« that term be permitted to the mental work of infra-human 
\V*^^°^^s, partly because it admits of speculative enquiry — and 
unfortunately I have not been much accustomed to verify my 
investigations by practical experiment — and partly because it 
forms a sort of continuation to my paper on "The Senses," read 
before this Society in 1877. See Vol. X. of our Proceedings. 

The Doctrine of Evolution. 

I take the doctrine of evolution for granted. In these days no 
man of science of any standing objects to it in toto. There may 
be some here and there who cry halt on individual points, or in 
particular directions. For instance. Professor Cleland, in his 
lecture on the "Terminal Forms of Life," last January, seemed 
to imply that the halts he pointed out in the progress of certain 
species were damaging to the doctrine. But evolution is not 
necessarily bound up with, or tied down to, the dogma that there 
is a principle in living things by which they are impelled, or com- 
pelled, to press incessantly ever upwards towards a more complex 
and higher standard of existence. The doctrine of evolution, pure 
and simple, may be stated in the words I used in my paper on the 
Senses, viz., " Living matter possesses inertia — the disposition to 
persist — quite as much as non-live matter does, and this dis- 
position, this property is, I do not much doubt, the operating 
agency in hei-edity or persistence of type, whilst the never-ceasing 
incursions of the surroundants are the occasioning causes of all 
revolution: i.€., evolution. Every biod (living body) is the battle- 
ground of these two contending forces." It depends, however, 
more on the incidence of external agencies'*^ than on alterations 
originating from the interior — at least until we reach tool-making 
man — whether there shall be progress either upwards or down- 



* Not including those that curtail the renewal of the species, of which 
death — by far the most potent operator in natural selection — is the chief. 



Dr. Muirhead on Feeling and Perception of Relation. 3 

wards. For evolution is not i*estricted to either one or other 
direction, and a large leap here, or a long delay there, no more 
than a dropping out of the running altogether; tells against the 
doctrine of evolution through interacting units, molecules, and 
masses — "One day is with the Lord as a thousand years, and a 
thousand years as one day.'' 

Localisation of Nervous Agencies. 

Every biod's activities are directed toward the continuation of 
the individual or of the species. The latter we are not concerned 
with here. The activities engaged in the preservation of the 
individual may be divided into the internal or vegetative, and 
those having intercourse with the external world. These may be 
termed animal. Of course the two systems have intimate con- 
nections with each other — *' A house divided against itself cannot 
stand.'' The animal gets telegrams from the outside world by 
means of sense nerves when these are developed, and in return 
acts on things around by means of contractile organs, to which it 
sends messages by means of the motor nerves. Histology and 
embryology seem to have established the fact that the first rudi- 
ments of the neural apparatus make their appearance in the 
epidermal layer, and pass more and more inwards where ganglia 
are evolved, from which proceed the motor nerves to the con- 
tractile organs. Hence, by and through these instrumentalities, 
organic activities are actuated and co-ordinated. 

In the mammalia, the vegetal or sympathetic system being 
almost exclusively devoted to influencing and co-ordinating the 
nutritive activities, does not appear to be much under the control 
of the cephalic ganglia that direct consciously-willed operations. 
For probably the sympathetic system had its establishment in the 
organism long before the head became the abode of those neural 
centres. Whether the sympathetic ganglia originated at the 
periphery, cannot well be ascertained, but we may suppose it 
likely they did not, since they have little to do with external 
work, their government being chiefly concerned with assimilative, 
elaborative, nutritive, and eliminative processes. 

But it is quite otherwise with the conscious cephalic ganglia, 
whose government is chiefly made up of what we may term the 
ministry of commerce, war, and foreign relations. Telegrams 
from external sources would originally — in fact, they still do — 
first strike on the periphery, which would, in consequens^^ m 
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yarious parts, get differentiated from reaction to such stimvdL 
We still find the skin gets affected by exposure to the sun's rays. 
In the progress of evolution the more that the reacting spots 
were removed from the surface, and congregated together in 
safer central parts, the more would such arrangement suit the 
requirements of a ministry of war, etc., by being removed from 
danger of external attack and consequent disablement. Besides, 
by their concentration together, the different members of the 
cabinet would have easier inter-oommunication among themselves, 
while the telegraphic lines would keep them in full correspondence 
with the frontier stations, and enable them from safe vantage- 
ground to direct the muscular operations for offence, defence, etc. 

Then since, according to the doctrine of evolution, fit variations 
that may arise, however induced, have a chance of sur\dving, whilst 
the unfit are swept away in the struggle for existence ; and since 
no living being is ever wholly like another, while every moment 
millions die and millions of new somewhat different individuals 
take their places, we can conceive that the myriads of infinitesimally 
minute alterations thus gradually taking place, and accumulating 
during immensely long geologic ages, would result in a gradual 
displacement of the reacting spots or ganglia towards more eligible 
localities. Thus it has happened, we may suppose, that the ministiy 
of war, etc., has got safely located inside the anterior portion of the 
animal, whether it be vertebrate or invertebrate. 

Effluvia from Organic Bodies. 

Every animal must be regarded as having its substance in an 
unceasing condition of flux. The condition called living is an 
unceasing process of dying of the old, and its replacement by the 
elaboration — the manufacture of new live matter — so that very 
little of the living material of the members now present was part 
of them two or three months ago. Well, when any of the material 
of our bodies dies, it has to be got rid of — got out of the system 
by the skin, lungs, kidneys, etc And no doubt part of this dead 
matter gets diffused externally around each of the bodies of all 
animals whether alive or recently dead, just as musk diffuses 
odorous matter around it. And what is more, each individual's 
effluvium must have something peculiar about it, otherwise a dog 
would not be able to discriminate which were the footsteps of its 
master among hundreds of others. This points to the probability, 
that around each body or bit of flesh there is an area (in air or 
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water, aa the case may be) throughout which effluvium from each 
body is more or less diffused. The lower forms in the scale of 
being, such as protozoa, whose bodies are not protected by any 
differentiated covering, aud in whom the whole system is swallow- 
ing substance, we may suppose will be sensibly affected oa 
encountering Euch an effluvium. This consideration it was that 
led me to imagine that in such undifferentiated beings, where feel- 
ing cannot be much developed, reaction to taste will be the most 
pronounced activity in their lives. Doubtless the coming within 
the I'Onge of such a zone will stir them to the reaction manifested 
by the protrusion of pseudopodia, i.e., portions of their soft sub- 
stance that they push forth like fingers now and then from any 
part. 

Since, in all probability, each man and lower animal excretes 
dead material in consequence of active living, which material can 
affect a nose sufficiently sensitive so as to be severally distinguish- 
able OS different, this points to the further fact that the chemical 
processcaltedlivingisin each individual distinctivelydifferent This 
is a very remarkable and important fact in reference to personality, 
as it is called. Not only is each man's body distinguishable by 
sight as severally different, but each body acttially differs as an 
organism in its molecular and chemical activities, from every other 
living body. Of course, it may be that isomerioally there is little 
difference, but most assuredly there occur polymeric differences, 
otherwise dogs would not be able to distinguish them. 

If men of science could (say through instrumeutal means) get 
to perceive as acutely by smell, as dogs of keenest scent can do, 
then the anthropologist would be enabled to detect for more pre- 
cisely than he can at present do by the aids of morphology and 
philology, the more or less unmixed purity, the greater or less 
intercrossings of individuals, tribes, and nations of the human 
race. 

Sklective Discbihwation. 

Dr, Romanes says* "selective discrimination is coextensive with 
excitability." Now, what is excitability, and what is selective 
discrimination 1 A steel spring reacts after momentary pressing; 
but we coll it elasticity, not excitability, far less selective ditto. 
All animals can store up energy, which they derive from pabulum ; 
and at any time this stored energy is dischoi^ed on stimulation, 

* Uent&l Evolution in Animals, p. 61. 
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the animal discharging the energy at some selected point. This I 
hold to be the criterion distinguishing living organisms from dead 
matter, and may be stated thus: — Living activity consists in the 
storing of energy from pabulum, and expending it at selected points. 
This latter power is what is termed excitability, and often reflex 
action — a bad term, as all reaction in organisms is reflex. I should 
like to call it archaic, or ultra- voluntary. 

The simplest reaction to stimulus which we call feeling, or even 
discriminating feeling, is not, I humbly opine, necessarily a con- 
clusive proof of much intelligence. All plants discriminate 
respecting their foods, or else we should have similar plants 
exhibiting considerable diflerences in their chemical composition. 
Crystals, too, may be said to discriminate as to their molecular 
components, unless a Deus ex machina builds up each crystal, as 
a bricklayer builds up a brick ediflce. Indeed, we may say the 
same of every molecule, and, in my view, of each chemical atom, 
since I hold such to be composite. 

I spoke of a spring reacting to molar stress. A protamoeba 
may be seen to move seemingly independently of molar stress. 
Why) Probably because it has come within the range of some 
effluvium from a bit of food in the water near. This aflects the 
somewhat dully differentiated function of taste. Now, why does 
the amoeba put forth podia in the direction of the pabulum? This 
looks like intelligence, and so it is. For, although it must be 
inflnitesimally minute in degree, it is not distinguishable in kind 
but merely in degree from any intelligence whatever. Light 
reflected from a carcase in the desert, passing through the eye of 
a vulture eight or ten miles ofi*, has a similar effect on the vulture. 
For the bird immediately proceeds to expend energy in the task 
of getting at and swallowing the food. The sole difference between 
the conduct of the amoeba and of the vulture is that the latter has 
the power of perceiving relations of a much more extended and 
complex character than the amoeba has, and of acting with the aid 
of a much more developed organism. 

Intelligence in man is his power of perceiving relations, and of 
acting in accordance with his perceptiona We see that an 
amoeba can be acted on by a bit of food a few tenths of an inch 
distant, and acts in accordance with the stimulation, whilst a 
vulture removed an equal number of miles from its food conducts 
itself towards it in much the same fashion. The extent and com- 
plexity of the relations of things towards which man can react are 
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80 vide and comprehensive as to be beyond deampdon, aided as 
he is hj his wondrous bands, and the tools and machines vhich 
tbey enable him to make ; besides what spealcing, writing, steam, 
telegraphs, telephones, eta, give him the means of accomplishing 
Still, the whole are resolvable into perceiving relations of things, and 
acting in accordance with the lights and aids inherited or acqaired. 
Bear in mind that all we are conscious of really consist of 
grouped feelings, and related sensatioDB, perceptions, and ideas, 
which we are led to believe represent the actions of ourselves and 
other beings and things outside of us; and this belief merely attains 
extreme pro~bability, never absolute certainty. 

Otr THB Ddality op the Sense called Touch, aud thb 

Scope of Feeling. 
Ill reference to Feelings, in my paper on the Senses (VoL x.) I 
classified them thus : — 

We are conscious of alterations of 

Pressure) (molar stress), Sound. 

Temperature, Colour. 

Taste, Odour. 

Those on the left column I named palaic, conceiving their 
exciters to come through the more fundamental or primal instru- 
mentalities. Those on the right I termed neoteric, because I 
held their organs to be of later development on the lines of the 
palaic — sound developed on molar stress lines, colour on those of 
temperature, and smell on those of taste.* Further, I expressed 
a belief that we ore acted on by matter moving in 
Ethereal condition when conscious of effects of Heat or Light. 
Molecular, „ „ „ Taste or Odour. 

Molar, „ „ „ Molar Stress or Sound. 

I had a notion that these clsssificationB pointed to something 
worth being stated, inasmuch as, to me, they seemed connected 

* It has been said that the senaes are all " differentiations of the general 
■enae of Touch." That Touch hu any claim to preference 1 do not acknow- 
ledge. I should rather be inclined to characteriae them in this fashion: — 
They are the children of one father, Moving Matter, by three ooncubinea, 
one being the mother of Molar Stress and Sound, another of Temperature 
and Colour, and the third of Taste and Smell. The units of the pairs 
reaembling more closely than the pairs do, but we may trace a gradation of 
•fieots on DS from the coaraest tremore of Molar Strese to tboee of the most 
ultra-violet undolations appreciable by any of onr race. 
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with the development in animals of modes of functional activity 
correlated to matter in its different states of aggregationaJ activity, 
viz., as ether, as molecules, and as masses — ^holding masses to be 
aggregates of molecules, molecules of atoms, and atoms to be aggre- 
gates of ether — the latter hypothesis being somewhat more acknow- 
ledged than when I brought it before the Society nine years ago. 
I am not aware, however, of any reference to this classification. 
It is true that Sir William Thomson has several times insisted on 
the doubleness of the class of feelings included under what is 
usually termed Touch, and he names the divisions Sense of Heat 
and Sense of Force,^ but he does not seem to be aware of my 
paper. 

Why Sir William makes use of the term Force, as above, I do 
not well perceive. If, with Professor Tait, in his lecture on 
Force, he holds it to be rate of mechanically disturbing, then, on 
the same principle. Sight should be called Sense of Brightnes&f 
It may be replied that I employ Temperature, i.e., rate of hotness. 
I am well aware of this objection, and if I could have lighted on 
a more appropriate term I should have used it. To talk of heat 
of ice may do for physicists, but is rather inappropriate for any- 
body else. My objection to Force, Temperature, and Brightness 
is, that these terms imply comparison, which must be preceded or 
accompanied by Perception of Relation; whereas Feeling qiia 
Feeling, the simplest phase of sensation — has nothing to do with 
comparing, which is an operation of Intelligence. Comparing 
needs memory, and includes Perception of Relation. Feelings 
are the fibres woven into the fabric of Intelligence, the bricks built 
up into the edifice of thought. 

In connection with this I may note that Dr. Romanes, at page 
72 of " Mental Evolution in Animals,'* has the following : — " If 

« 

we say that a man or an animal is conscious, we mean that 
the man or the animal displays the power of feeling, and 
if we ask what we mean by feeling, we can only, I think, 
answer, that which distinguishes the extended from the non- 

* Proceedings Philosophical Society of Glasgow, vol xiv., page 80, and 
Nature, vol. xxix., page 438. 

t If, on the other hand, effects of Force and effects of some material 
moving are equivalent expressions, then I hold that all telegrams sent in 
by way of any of the senses, are as much entitled to be called effects of 
Force as those by the way of the organ to which Sir William allots the 
appellation. 
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extended." Now I hold that Feeling, qua Feeling, does not give 
the slightest information whether anything is extended or otherwise. 
Feelings, even with a certain amount of memory which comes of 
repetition, through attention, though known as differing from one 
another in kind and degree, and as chronally related in sequence, 
do not, as feelings, afford the slightest information as to their 
spatial relations or sources, and just as philosophers have no direct 
consciousness of where the ideas they mentally beget are located 
in the brain, so no animal can be aware of spatial extension until, 
by help of motor organs, it makes out that it has motor organs, 
and can influence their movements ; that is to say, until conscious 
of having power of moving, there cannot be the slightest notion of 
the extended— of space relatione 

A sensal wave passing along a single nervule has not volume 
enough to give rise to conscious feeling. There must be a group 
or bundle of these waves to initiate conscious work; and such a 
feeling-cluster we usually call a sensation. In sensation pure and 
simple there is no perception of relation. But as soon as we by 
our own movements and attention get to note size, shape, or 
locality, sensation merges into perception (spatial) less or more 
definite, the consciousness of a percept — the latter being a 
sensation of which some of the relations of its constituent feelings 
are grouped. Observe, however, that the stimuli which have 
passed inwards are not the feelings — are not the sensation. It is 
the brain-reaction, the brain-work consequent on the action of the 
stimuli, which, when strong enough, gives rise to the consciousness 
termed feeling or sensation in animals. Further, we and they 
make use of our motor organs, and by their assistance are enabled 
to trace and note the spatial relations of the constituent parts of 
objects — thus grouping perceptions, percepts; and still further when 
we group a collocation of percepts we arrive at a conception, we 
possess a concept — an idea. Of course the assistance of motor 
organs may not be required in noting relations of sequence, on of 
likeness or unlikeness, among feelings, &c. 

Here I may perhaps fittingly insert the following table, into 
which I have not crowded any more for fear of over-complication; 
but the first six senses might be classed as physical, seeing that 
they are due to the impact of external physical activities. The 
first and second induced by molar, the fifth and sixth by molecular, 
and the third and fourth by ethereal or radiating activities. The 
seventh class may be termed physiological. I have not ventured 
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to anbdivide and classify ita many branched, mcluding as they do 
the 'BO-called physical pain and pleasure which, though often 
imtiated by external agents, soon owe their action to inteamal 
activities. Physiological pain and pleasure, however, are not to 
be confounded with psychical pain and pleasure, due to perceptions 
of i«lation. These are groupings of mental activities, and con- 
stitute a phase beyond mere sensations, physical or physiological. 
MoreoTer, much of what is classed under muscular sense may 
conveniently be rel^pted to the physiological class. 
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Perception of Relation as illustkated by the Blind. 

I DOW proceed to point out, as well aa my limited abilities 
permit, tliat our knowledge of the ahapea, sizes, and localities of 
external bodies, iacluding our own body, can only be obtained 
through means of our directing the movements of our sense oi^ans 
to, from, and around the bodies telegraphing to us through the 
senses. 

When a blind man wishes to gain a knowledge of the shape and 
size — the contour of an article new to him — say a piece of stataary 
on his lawn, he of course passes his fingers deliberately to and fro 
over evety part of the figure, manipulating again and again. It 
is by this procedure that he is enabled to get and link the spatial 
relations of the seats of the sources of the sensal telegrams sent in 
from the various points and the locsJities of the arms, fingers, etc, 
associated together; and from aptitudes acquired hereditarily, as 
well as from use and habit, a mental outlining of the spatial 
relations of the piece of statuary gets generated from the grouping 
of the feelings induced by the telegrams transmitted inwards &om 
the finger-tips and muscles employed in moving the arms. When 
the brain work induceable by the telegrammatic iutimatioiis of these 
various necessary movements has been so repeatedly gone over as 
to be easily recallable mnemonicaJly in proper grouping, representing 
the spatial relations — much as is done in the acquirement of the 
figure of a quadrille well learned — an idea has been acquired of 
the ststne. 

Here it will likely be said. — "Why, these are telegrams of 
mnscular sense, of which sense you deny the existence V And I 
beg to say that I still insist that there is no such sense apart or 
different from that of molar stress. What happens when the 
muscles movel Are they not stressed! And what is the difference 
between a stress affecting the skin and one affecting a muscle T 
For my part I cannot discern any difference — the feelings from both 
are merely fruits of mechanical or molar stress, and not divisible 
into anything else, any more than from a stress affecting the right 
thumb and one affecting the left. As was said, the muscles move 
the limbs, and we, having acquired abilities to note the relative 
distances and directions involved in the various mov^nenta, 
estimate them as they occur. As mentioned above, however, 
much of what is ascribed to muscular sense may be included in 
the physiological or intramural olaas. 
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It is the confounding the feelings induced by the stress telegrams 
with the various groupings of these feelings — these brain movements 
— that leads to this mistake. It is like confounding the tesserse 
used for forming mosaic figures with the formed figures themselves : 
or say, confounding the balls a juggler keeps throwing up and 
catching them as they come down, with the figures described by 
the balls in moving. For it is the movements described by the 
molecules of a monkey^s brain that constitute the monkey's per- 
ception of the appearance of its mate ; and unless the brain of a 
man perform some such function, there would be no need for a 
human brain. 

Since, to get a knowledge of the localities, figures, and sizes of 
bodies, attention must be directed towards finding out the spatial 
relations of the excitors of the telegrams sent in to induce the 
sensations, let us trace a little more deliberately and closely the, 
to us, visible doings which go to generate these conceptions of 
direction, locality, figure, and size — these perceptions of relation. 
Suppose that the same blind gentleman, before going to visit the 
Continent, left orders to have a particular portion of a particular 
field farmed into an orchard of fruit trees of various specified 
kinds; minutely directing how all should be done. After coming 
home he wished to determine, personally, how his orders had been 
carried out. Starting from the gate of a field, of whose locality 
he had accurate remembrance, he walked with measured pace in a 
determinate direction, noting the numl)er of paces, till he came to 
the portion planted oflf. Then, still continuing his paces, he, with 
the assistance of his hands, noted each tree, its relative distance, 
direction, size, and contour, together with the whole number, 
repeating the processes until the distances, directions, sizes, and 
contours of the diflferent particulars of the orchard and its trees 
had got so rooted in his mind's eye, his memory, that he was able 
to satisfy himself how the later idea, thus acquired, corresponded 
with the idea that he had wished to be carried out, and which he 
could at will call up into remembrance. 

Now observe that, while this blind person pursues the labour 
of acquiring these perceptions of relation, these groupings of 
sensations, it is in consequence of these sensal telegrams stirring 
in him mental operations, synchronously and sequently, in certain 
orders of arrangement, as he moves, that the given conceptions — 
ideas — are generated, and he finds, too, that when his legs and 
hands move in the same manner, in similar circumstances as 
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previonsly, the same grouping of sensations and percepts arise in 
his consciousnesa as formerly, and that, as all the ins and outs 
that he repeate muscularly among and against the fixed bodies are 
rehearsed, these occasion the rise of the same conscious ideas as 
before. If any article be removed, the old sensations referable 
thereto will not be forthcoming in a new course round. It is 
wholly by the muscular movements which we call walking and 
handling (however the knowledge of these and of their instrumen- 
talities have been arrived at) that he is enabled to estimate the 
sizes and directions of the parts of the orchard and of its trees. 
To him, up is in the direction of his head, and down, in the 
direction of his feet, and he takes no note of the fact that the 
relative position of these two in space, is, by the rotation of the 
earth, reversed every twelve hours. For no additional telegrams 
from the earth are sent in consequence. 

The foregoing is the method by which a blind person is em- 
powered to gather and group feelings, to form his perceptions of 
relations of material objects. If he were possessed of only one 
sense singly, say sense of temperature, taste, or smell, he would 
have to proceed in the same fashion to get the same results,* 
though these in less accurate degree. That is, he would have to 
move his given set of sense nerves from spot to spot to obtain 
such telegrams as would enable him to trace the relations wanted. 
Finally, were he empowered to resort to sight, he would still be 
necessitated to follow the same course. Here, however, it is 
important to observe that, in consequence of his ancestors having 
for unknown generations employed the sense of sight (with its 
adjuncts), almost exclusively, at this work, not only has its develop- 
ments been marvellous, but the operations have, through use 
during these countless ages, become so spontaneously reflex-work, 
largely independent of voluntary control, that, with the exception 
of the movements of the ocular and neck muscles, men are totally 
unconscious of the varied and intricate operations of the optical 
apparatusL And we may quite logically assume that it is because 
of this total absence of consciousness of anything acting in and 
through said appai'atus, that we have become habituated, invari- 
ably, to have the intuition that, in seeing an object, there is 
nothing for us to be conscious of except the outer body itself (the 
noumenon), be it a finger or a fixed star. For we never for a 

• See pige 28, vol. r., ol onr Pncttdmgt. 
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moment take note, that what is in reality perceived consists of 
movements of the molecules of our own brain, stirred into activity 
by telegrams from outside bodies, to and from which our eyes can 
be moved and shut off at will. Not one in ten thousand persons 
has ever so much as heard of photal rays. 

Through intercourse with person and things, animals, and 
especially men, get to be more and more expert in reacting adap- 
tively to stimuli that come from without, often of a most complex 
kind and far-reaching nature, both in space and time; and so have 
grown to be able to foresee coming events, and to prepare for their 
nearer effects. Thus it is that races gradually acquii-e, more and 
more, proclivities and aptitudes to feel and to act muscularly and 
mentally as circumstances require. Further, these acquirements 
become somewhat organized in the system, and, what is of 
importance, these organized changes get more or less transmitted 
to progeny, and by them to their progeny, and so on indefinitely 
as civilization advances — civilization being the fruit of the 
co-operations and curbings of associated individuals, just as archaic 
reactings and instincts are the fruit of the co-operations and 
curbings of associated tissues and organs. 

On the Activity of the Retinal RoDLETa 

To recur once more to the blind man. When he wishes to arrive 
at a knowledge of the shapes and sizes of articles he, as mentioned, 
passes his fingers over them, and long practice enables him to do 
this much quicker and better than we could with our eyes shut. 
Again, when we who see wish to gain similar knowledge, we, by 
means of our eyes, follow the same method, assisted at times with 
our handa Inherited aptitudes, together with constant practice, 
give us power to perceive and accomplish perceptions almost 
instantaneously. Well, you may say, all this is quite well known ; 
what is the use of restating it? I do so for the purpose of intro- 
ducing to your notice a notion I have long entertained and have 
hinted at in my papers on the "Senses" and "Thought Reading." 
I hold, that not only is the head moved by the neck muscles and 
the eye-balls by the ocular, but that each single rod and cone, at 
least of the more central portion of the retina, can be moved to 
help to trace the relative positions of the stimuli that stir to give 
rise to the phenomenal object seen. To me it seems as thoroughly 
absurd to imagine that we could, without the aid of moveable 
retinal rodlets, compass a knowledge of the more tiny relational 
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minutisB of figures, that we are able to make out bj normal eye- 
sight or the microscope, as it would be to suppose that a blind 
man could by using his shoulder distinguish one letter of the 
blind's alphabet from another. Without power of movement ther^ 
can be no power of tracing spatial relations ; while the more minute 
the operating agencies, the more minute are the results to be 
anticipated ; and that the infinitesimally tiny minutiss perceptible 
by sight can be traced without the agency of intra-retinal move- 
ments seems to me, I repeat, altogether improbable. 

Becent investigations have made evident that protoplasm is not 
heionetically sealed in cells, but continuously connected throughout 
the living body. Protoplasm is the first living thing that moves, 
and doubtless it is also the last, though modified in some instances ; 
and just as its changes in configuration and locality produce 
movements of pseudopodia, so doubtless its shif tings of configura- 
tion and locality are the effective agents in the movements of 
muscles, and of those rods and cones whose operations I hold to be 
necessary for the due optical perception of the more minute 
phenomenal relations in vision. Observe, I do uot hold that 
these movements are needed for feeling, but only for the perception 
of relations among the feelings of colour. 

Manipulating, or say papillating, the surface of a small body to 
obtain a knowledge of the minute carvings on its surface is the 
work of the fingers, taught by the brain to select the proper 
telegrams from the carved outlines, not the work of these outlines 
teaching the fingers. And so, I hold that in seeing operations it 
is the rodlets that are made to move to select telegrams from the 
outlines, and not the telegrams that teach the rodlet& It is true 
that because the eyes have been employed in this work for countless 
generations that now most of the labour has become nearly 
automatic, not stirring deliberate consciousness as to the process, 
but merely as to the results. Still this does not preclude the 
notion that the rodlets are actively engaged in getting and trans- 
mitting clearer and more definite information of the minutise of 
photal figurings. 

When we look into a cabinet of minute objects we each instant 
see only one in a thoroughly distinct manner (though we instantly 
shift vision to another), while all the rest are merely indistinctly 
apprehended; showing that although many parts of the retina are 
acted on by telegrams, the brain only sets to work a small portion 
to select the data required for definite outlining, just as a blind 
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man papillates distinctly each letter each instant while transmitting 
the data required. Here, too, the process becomes in the adept 
so automatic that he is scarcely conscious of the minutiae of the 
muscular work of tracing the relations of each individual letter. 

Even in seeing, quick as it is, some little time is necessary to 
enable the rodlets to do their work. This may be proved by trying 
to read from an express train flying in one direction the names 
of towns exhibited on carriages rushing in an opposite course.^ 

Idealism. 

The Neo-Kantians incessantly harp on the assumption that 
feelings fleet from consciousness before that we can form conscious 
perceptions. This I hold a most absurd assumption. We might 
as justly assymo that a telegraphist forgets the letters before he 
makes out the word, or the word before he forms the clause. I 
can only account for their adopting this view by supposing that 
they confuse the stimuli telegraphed, with the feelings, the brain- 
reactions, consequent on the stimulation. These feelings, these 
reactions, are as truly mental work as are the groupings of them 
which we call perceiving or conceiving, since it is the synthetizing 
of these feelings which enables animals to perceive and conceive. 
That higher animals can perceive relations is scarcely worth spend- 
ing time to demonstrate. If a dog pursuing a rabbit sees it get 
through a small hole in a high fence, he searches along the fence 
until he finds a larger hole or a lower portion, gets to the further 
side, searches for the trail, and pursues. 

It is an unquestionable fact that we have an ingrained practical 
belief that the phenomena seen are the same things as those which 
we can handle. Of course this belief is as completely erroneous 
as is the belief that the sun goes down at setting time. It would 
appear that the knowledge that this notion is so universally held 
has led no inconsiderable number of philosophers to take up the 
hypothesis that all our knowledge of what we hold to be external 
bodies consists of nothing else than this mistaken assumption, and 
that any attempt to infer anything about those sources which send 
telegrams to induce sensation is mere fighting with empty shadows. 
In fact, some idealists seem to have half-wrought themselves into 
the belief that the pebble held in the hand is as much the fruit of 

* See vol. X., page 330, of our Proceedings, 
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mental work as the photal phenomena wb see while looking at tiie 
pebble. 

When a man says that he sees a chair at the further side of the 
room, he meaii§ that there is at the opposite side of the room a 
body which gives intimations by which he is able to make out its 
position and figure to such an extent that, from the fruits of 
experience, he is quite sure that if he steps across the apartment 
he will find by handling that the conclusion drawn from the 
optical information is fully confirmed, and he does not further 
trouble himself as to how the photal perceptfl are formed. Some 
idealists, from the knowledge that these phenomena are mere 
mental elaborations, have advocated the notion that there is no 
external body, and that the mental work is all that has existence. 
Surely there must be something that excites to this mental work and 
inhabits space. I think that the fact that the man can lift the chair 
and with it knock down the idealist is pretty conclusive proof that 
there is something besides mental feelings and ideas. It may be 
held that here I plagiarize the individual who was said to have 
" vanquished Berkeley with a grin." I beg to retort that the 
phrase may be reasonably construed reversely, and that the 
Berkeleyan can do little else tlian grin to the arffumentum ad 
hominem which ia so practically convincing that the most confirmed 
idealist will elude the crash of the chair by leaping aside if he can, 
proving his thorough belief in the potency of the argument and 
the substantiality of the proof, for no mere mental exertion on 
his part, without the help of his limbs, will prevent the conse- 
quences. 

Things which we can walk round and move are totally different 
from colours and sounds which are due to movements of the 
molecules of the brain, kinds of sensations ; and my sensations no 
one can have, no one can feel, any more than he can feel the 
toothache that I do. On the other band, the things which I can 
walk round and move, any and eveiybody con walk round and move. 
These things exist and persist for everybody as much as for me. 
But while colours and sounds have no esistence apart from us, the 
oi^anized beings that perceive them, and the bodies which indnce 
them in us, moveable bodies do not require organized beings 
to generate them or guarantee their existence. What we see and 
hear are called phenomena, what we can walk round and handle 
are noumena. Noumena, in certain conditions, can induce in ua 
colontB, smells, and sounds, but no amount of colours, smells, and 

Vol. XVI. B 
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sounds can produce nouniena — articles we can manipulate and use 
for footballs. 

Since we are endowed with abilities to feel molar stress and to 
move our organs at will, our knowledge of the solidity of bodies is 
acquired thus. If, while employing our powers of moving, we 
come against a body which resists the onward progress of some of 
our organs, we thus learn it resists, and call it more or less solid, 
as we iind out that its parts resist pushing. Tf a blind man could 
be so cuprified without damage that a prodigiously powerful 
magnetic field would resist the pressure of his hands, he would call 
that field solid. But hitherto I have given but little attention 
to the subject of perception of dynamic relations. 

Phases of Mental Activity. 

But to draw to a conclusion. We may with advantage, I think, 
distinguish three stages or phases of mental activity in animals 
and men, viewed phylogenetically and embryotically. The first 
we may conceive as simply exhibiting reactings to stimuli. In 
this initial stage there exists, as yet, no power of retaining or 
recalling, i.e., of repeating the modes of organic disturbance 
induced — the feeling- work here being simple reactions to stimuli 
that disturb. 

Second. Here memory emerges in so far as to have the power 
of retaining and of having recall of feelings. So that in this stage 
Isolations of kind, of degree, and of sequence in time, of feelings 
are consciously perceived, in consequence of said power of retaining 
and having recall of these neural modes of motion, for the purpose 
of comparing and estimating the above-mentioned relationships. 
But, observe, no matter how much a biod may inherit or cultivate 
such power or powers, if there be still absence of ability to direct 
the movements of the contractile organs, so as to move at will the 
organism bodily, or some of its motor organs, there cannot be 
acquired any knowledge of there being an outside world, or of 
space relations of bodies in it. 

As bearing on these two phases of living work, it is to be noticed 
that all non-inherited functional activities, when exhibited for the 
fii*st time, are started by extrinsic stimuli, and the reacting centres 
stimulated have to learn to direct and co-ordinate the movements 
in proper order. That is, the centres have laboriously, by oft 
repeated trials, to acquire the modes of compelling the tissues and 
organs involved to obey directions, so that the newly-instituted 
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functioning may work fitly for the camrnon weal, and not to the 
detriment of the body corporate. The latter mode would, of 
course, lead to ita disorganization, and finally to its diaappeanutce 
from the stage of life, leaving better modes, better cliances. To 
go, for the nonce, to the highest manifestations of life for illustra- 
tion, we can not« this laborious work to be absolutely necessary 
for every individual of our race in, say, walking and speaking, 
although successive generations for uuknown ages have been 
diligently employed at these modea of organic activity. We may 
note also in passing tliat this necessity iudicatea that those modes 
of operating are relatively modern acquirements liy our race. 

This brings ua to tho third stage, in which infanta and animals 
acquire the power of directing the movements of the contractile 
organs. It is only iu this stage- that we and animals can, through 
the assistance of modes of movement, inheriteil or personally 
acquired, get to know that we have a body, and that there are 
other bodies around ua, constituting what is called the external 
world. That is, things (whether called spiritual or material) 
which are not the product of our mental operations. Only 
through our self-directed movements can we trace relations, and 
so learn the localities, sizes, shapes, consistencies, and movements 
of our own and other bodies.*' Only through means of our aelf- 
induced movements can we trace to their sources the telegrams 
emanating from bodies, ix., which induce in us feelings we call 
aensatioos. Let me repeat that sensations are brain-work reactions, 
and not the telegrams that occasion them. My voice is one activity, 
your hearing it is quite another. 

Of course there is no hard-and-fast line between either pair of 
these phases, any more than thci-e is between plants and animals, 
or between ovum, embryo, and fu;tiia; but yet I think it useful ta 
tr&x», in this divisional manner, the evolution from the lowest pro- 
toplasmic reactions to ours, ours that are capable of cognising and 
comprehending the relations of external bodies, and, through the 
aid of symbolical appliances in discussing, to contemplate and 
imagine the uou-sensible and unknowable. 

First, then, there in mere vital reaction to each stimulus, 
but without memory, and therefore without power of comparii^; 
feelings. 

* Our knowledge of the solidity, bardnesi, Roftneu, rougbnetf, smooth- 
DMi, tongbnesi, brittlenesti, eUaticity, &c., of bodies comes not from 
feeling, ptr t, but thiongh pereeptiou of reUttoDi. 
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Next, even with some mnemonic ability added, although power 
be acquired to note chronal sequence and differences among feelings, 
and though we may have a plurality of feelings cohering sequently, 
as in a tune, yet if minus any voluntcoy or central control over 
contractile organs, we can have no clue to the spatial relations of 
bodies which stir to feeling. Therefore, in such circumstances, 
such bodies could no more be localised by us than we can point out 
the localities of the various ideas of which we are mentally 
conscious. 

It is in the third stage, then, that we are furnished with 
instrumentalities and abilities to creep or peep out of the dark cell 
or shell, as it were, and to move round, view round, manipulate 
and move the materials around us so as to get to leai-n the localities, 
(fee., of the materials which telegraph to us and rouse in us the 
mental activities of which we are conscious. By these contractile 
instrumentalities and mental abilities we are enabled inferentially, 
but most confidently, to compass what I venture to call configured 
realism, partly in contrast to what Mr. Herbert Spencer denomi- 
nates transfigured realism, which, as far as I can gather, is mainly 
derived from the consideration of the phenomena of photal pictures. 
Configured realism is the offspring of the perception of the relations 
of external bodies, traceably acquirable by the assistance of all or 
any one of our senses, supplemented by the power to move among 
and manipulate at will the materials around us. They may be 
manipulated by us even where molar stress sense is absent. 

If an idealist advances the statement that a man can no more 
prove the existence and i)ersistence of external bodies which he 
can handle during waking hours than the dreamer can give proof 
in regard to the objects he perceives, I answer that, unless the 
idealist is prepared to maintain that there is not another thinking 
individual in the world but himself, his statement is contrary to 
fact. For the waking man can get millions of other men to test 
and corroborate his experience. Tliis the dreamer cannot do. 
Moreover, the waking man can, at will, return hundreds of times 
to handle the object which he had handled, and can get hundreds 
of other people to do so. These are operations which the dreamer 
cannot get performed, either by himself or by others. Indeed, it 
appeal's to me that there is no fact in the world of consciousness 
of which men are collectively more certain than of the existence of 
external bodies, i.e., things distinct and different from the mental 
apprehension of them, or in support of whose existence there is 
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such an oTerwhelming amount of uncontradicted evidence. It in 
tnie that noumena may, for aught that we can know, have ImndredB 
of other qualities of which we are ignorant. That ia quite beside 
the question. The supposition that they may bnve some qualities 
of which we know nothing no more dbproves our knowledge, so 
far as it goea, than our ignorance of what is at the centre of the 
earth disproves our knowledge of the existence of the ground on 
which we tread. We might as well say that a child does not know 
that it has a thumb, because it does not know what is inside of it. 
So, again, I venture to aver that no part of our knowledge Is more 
certain than our perception of the existence of noumena and of 
their configurations and movements, so far as that knowledge 
commonly extends. Still, under the qualification, however, that 
whatever may be the preponderance of probability, absolute cer- 
tainty in this respect exists not for the human race. 

Gentlemen, in this {laper I have endeavoured to call attention 
to the distinctiveness of the activities called feeling and perception 
of relation, together with their exciting sources. In the first 
division extemak act on us. In the second, in addition, we aet 
on externals. In sensation external bodies, compelling us to feel, 
rouse us to consciousness. In perception, we being thus roused 
compel our servants, the motor organs, to carry ns and our 
telegraphing instruments, the sense orgaus, here and there, to poke 
around, manipnlate and investigate the whei-eabouts, configurations, 
and movements of external bodies, and their varions parte and 
compositions. If I have, in any degree, led the way to a more 
minute analysis of the mechanism of perception of relations, that 
is (I hold) of thinking, of intelligence, my chief aim will have 
been attained, however imperfectly the endeavour has been carried 
out 
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II. — The Proper Motions of the Stars. By Robert Grant, 
LL.D., F.R.S., Professor of Astronomy in the University 
of Glasgow, Honorary Vice-President. 



[Read before the Society, 5th November, 1884.] 



The proper motions of the stars constitute a branch of stellar 
inquiry which has only in the course of the pi'esent century 
attracted the serious attention of astronomers. In the ancient 
astronomy the entire multitude of the stars effected a complete 
revolution round the earth once in every twenty-four hours ; 
but, except in a very small number of instances, their relative 
positions in the celestial sphere were supposed to remain perpetually 
unchanged. The few stai-s which were ' found by the ancient 
astronomers to have a proper motion in the heavens received from 
them the appellation of wandering stars or 2>l(tnets. The apparent 
movements of those bodies must have constituted a subject of 
much perplexity to the early observers of the heavens. Some- 
times they travelled from west to east, or in the same direction as 
the sun and moon ; at other times they ti'avelled in the opposite 
direction. In cei-tain positions they seemed to have a rapid 
motion among the stars; in other positions they remained for 
several weeks almost motionless in the heavens. Sometimes they 
shone with a dazzling splendour ; at other times they faded away 
so as to Ije scarcely visible. It did not escape the sagacity of the 
ancient astronomers that these curious gyrations in the movements 
and brightness of each planet depended upon the position which 
the planet occupied in the celestial sphere, relatively to the sun. 
Accordingly, in the theory which they devised to explain the 
movements of the planets, the place of the sun in the heavens 
occupied a prominent part. The establishment of the true system 
of the universe by Copernicus naturally suggested new ideas 
respecting the stars. Their common diurnal movement from east 
to west having been exi)lained by the revolution of the earth upon 
its axis in the op]>osite direction, they were no longer regarded as 
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being physically connected witli the eai-th. t^irthermore, the 
doctrine of the annual motion of the earth round the son supplied 
a demonstrative proof of their occupying a region in space far 
beyond the confines of the planetary system. It was well known, 
from the observations of astronomers, that if the eai-th really did 
BO revolve, its orbit mvist be of immense magnitude ; and this fact 
once admitted, it followed as a necessary consequence that the 
distance of the stars must be great beyond all calculation. When 
the opponents of Copernicus objected to his theory on the ground 
that, if the earth revolved in an orbit of considerable magnitude 
round the sun, the stars ought to present a very different aspect 
in I'egard to bnghtnesH when they were viewed at the opposite 
extremities of a diameter of the terrestrial orbit, the reply of the 
great astronomer was that the distance of the sun from the earth 
was a mere point in comparison with the inconceivable distance of 
the stars. Copernicus supplied another conclusive proof of the 
stars being independent of the earth by demonstrating thtat the 
grand phenomonen of the precession of the equinoxes, which was 
supposed to be due to a secular movement of the stellar heavens 
around the pole of the ecliptic, might iu reality be attributable 
to u slow conical motion of the earth's axis. 

It was thus established beyond all doubt by the Copemican 
theory of the universe that the stars occupy a r^on of space situated 
at an inconceivable distance beyond the Umita of the solar 
system. The movements which were attributed to them in 
the ancient astronomy were shown to be illusory; and they 
were to be regarded henceforth as a vast system of independent 
bodies totally unconnected with the earth, or any of the other bodies 
of the solar system. The question then which naturally occurred 
to thinking minds was thus — what may be the nature of those 
myiiods of luminaries which shine from afar, athwart the regions 
of space, and adorn the celestial sphere with their nightly splen- 
dour t There were not wanting in every age, men who came to 
the conclusion that, taking into consideration their amazing 
distance, the stars must be self-luminous bodies like the sun. 
One of the most notable of these was the famous Italian 
philosopher, Giordano Bruno, who flourished towards the dose of 
the sixteenth century. This bold, though somewhat eccentric 
genius maintained that the entire system of the stellar universe 
consists of innumerable suns, each sun being accompanied by a 
retinne of planets revolving i-ound it. He even went a step 
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further, and suggested that the stai's might have a proper motion, 
adding, that the circumstance of this motion not having been 
appreciable to observation was doubtless attributable to the im- 
mense distance of those bodies from the earth. 

The invention of the telescope, and its application to the obser- 
vation of the celestial bodies, coiToborated in a powerful degree 
the doctrine of the stars being suns. The superior planets, when 
surveyed through the telescope, exhibited round discs like the sun, 
while, on the other hand, the inferior planets presented a succession 
of phases like the moon. It was manifest, therefore, that the 
planets are opaque masses of matter like the earth, which shine 
only by the reflected light of the great central body of the plane- 
tary system, the sun. But the staris when observed even in the 
most powerful telescopes presented merely the appearance of points 
of light, without exhibiting in any instance even the slightest 
approach to any appreciable disc. Here, then, was a new proof 
afforded of the vast distance of the stars, and further support 
given to the doctrine of the stars being suns, since it appeared 
utterly improbable that bodies shining by reflected light could be 
visible at such an immense distance from the earth. Accordingly, 
this view of the nature of the stars appeared to gain ground in 
men*s minds throughout the whole of the seventeenth century, until 
towards its close when it was generally accepted as true by 
men of science. This is distinctly asserted by the eminent Dutch 
astronomer Huyghens, in a curious ])osthumous work of his, which 
was published in the last year of the seventeenth century. 

Henceforward the stars were regaixled from a new point of view. 
Hitherto they had been considered merely as luminaries occupying 
the concave surface of the celestial sphere, and any occasional 
reference to them consisted of some isolated remark which was 
applicable to the entire system of luminaries. But when it came 
to be considered that every star which was visible in the heavens 
might be a sun, attention began to be seriously directed towards 
those wondrous bodies as worthy of the most profound study of 
the astronomer. 

One of the first enquiries which now offered itself in connexion 
with this new view of the stars, was this — are the stars really 
fixed, as the ancient astronomers supposed them to be, or have 
they in each instance a proper motion in space? Halley, the 
celebrated English astronomer, gave the first solution of this most 
interesting problem by an appeal to actual observation. In 1717 
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he annoimced in a. paper, which he oommunicated to the Roykl 
Society, that the positions in the heavens of the stars Krins, 
Arctunis, and Aldebaran, as indicated by the observations of Hip- 
parchua, the Oreek astronomer, made in the year 130 rc., had 
a more northerly latitude than he found them actually to have 
from his own observations. The unavoidable conclnsion, 
therefore, was that the stars in qnestion have a southward motion 
in latitude. In the case of Aldebaran this was strikingly con- 
tinned by an occultation of the star by the moon, observed at 
Athens in the year 509 a.d. The star was seen immediately 
after emersion in a position which it could not have occupied if 
the occnltation bad not been almost central. But if we calculate 
back the place of the moon in the heavens for the epoch in ques- 
tion, we find that a central occnltation of the star, or one nearly 
so, would he impossible, unless we admit that the moon had a less 
southerly latitude than she has in the present day. 

The results of Halley'a calculations met with general acceptance, 
and the doctrine of the fixity of the stars was thus finally exploded. 
Shortly afterwards, Cassini adduced additional proof in support of 
Halley's discovery, by demonstrating, in a similar manner, that 
several attas had a motion in longitude as well as in latitude, 
tlie element to which the English astronomer had exclusively 
confined his i-esearches. In this connexion the following remark 
by Fontenelle, the contemporary of Halley, deserves to be quoted. 
" All the fixed stars are so many suns, each like our own ann, the 
centre of its own vortex, but they are centres only so to speak, for 
they may possibly have a coipmon movement around some more 
general centra The sun may possibly have a movement of this 
kind." That the proper motions of the stars are in general very minute 
wascleorlyestablishedby the researches of Halley and his contempo- 
raries. It was therefore evident that in the case of any star, its 
proper motion could be ascertained only by a comparison of 
accurately observed places of the star, separated from each other 
by a sufficiently long interval of time. The star places recorded by 
the Greek astronomers were, in one respect, well adapted for Uiia 
enquiry, seeing that an interval of about two thousand years 
had intervened between the epoch of their determination and the 
observations of modem astronomers, but thu circumstance did not 
compensate for the inferior precision of the ancient observations. 
It waa clear, therefore, that researches respecting the proper motions 
of the stars could be prosecuted with success only by relying 
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exclusively upon an inter-comparison of the vastly superior obser- 
vations of modern astronomera. It was not, however, until the 
middle of the eighteenth century that the star places deduced from 
astronomical observations had acquired such a degi*ee of precision 
as entitled them to constitute a sure groundwork for this delicate 
enquiry. A long sequence of events had been silently preparing 
the way for the ultimate attainment of this great object. Of 
these, one of the most important was the application of the tele- 
scope to the purposes of astronomical observation. It is important 
to bear in mind that the influence exercised by the telescope on 
the progress of astronomy is twofold. In the first place it reveals 
to us the marvellous extent of the physical universe, and enables 
us to obtain some insight into the physical constitution of the vast 
bodies thereof. But there is another less obvious, indeed, but not 
less important purpose, wliich the telescope serves in the science 
of astronomy. When applied to an instrument for ascertaining 
by exact measurement the position of an object in the celestial 
sphere it enhances incalculably the precision of the results. The 
form of the telescope as originally used by Galileo and his imme- 
diate successors (in reality the same combination of lenses as is 
used in the modem opera glass) was unsuited for application to 
divided instruments. It was only when the telescope was used in 
its subsequent fonn of a combination of two convex lenses that its 
invaluable application to astronomical instruments of precision 
was first recognised. This admii*able invention — the inven- 
tion of telescopic sights as it has been termed — was origi- 
nally due to a young English .astronomer, Gascoigne, who 
availed himself of it in his astronomical observations, a few years 
anterior to the middle of the seventeenth century. Gascoigne, 
who was a native of Yorkshire, perished in the flower of his 
age at the battle of Mai-ston Moor, fighting on the side of the 
Royalists, and for a time his invention was forgotten in England, 
until his claims were finally vindicated befoi*e the Royal Society. 
In the meantime, the invention was given quite independently to 
the world by Picard, a celebrated French astronomer. It is 
impossible to overestimate the advantages which have accinied to 
astronomy from the application of telescopic sights to divided 
instruments, for, without such an appliance, all other refinements 
in practical astronomy would have been thrown away. 

When the admirable invention of telescopic sights had come 
into general use, and the observations of astronomers had acquired 
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a corresponding degree of precision, discordances of a perplexing 
natare presented tbemselvea in the places of thu store, as deter- 
mined by observations made from time totiiue, An investigation 
of these discordances resulted in two great astronomical discoveries 
which were destined to exercise a most important influence on the 
progress of exact observation. One of these consists in an optical 
effect, produced by a, combination of the gradual propagation in 
space of the light from a star with the motion of the earth in its 
orbit This curious effect has been called "The Aberration of 
Light" In virtue of aberration, every star in the celestial sphere 
describes apparently a very minute ellipse, the major axis of 
which is constant while the minor axis gradually diminishes from 
the pole of the ecliptic, where it is equal to tbe major axis (and 
where, consequently, the ellipse of aberration is in I'eality a 
circle) until, for a star in the ecliptic, it vanishes altogether, 
and the ellipse becomes a straight line. This inequality in the 
apparent place of a star passes through its phases in the compass 
of twelve months. Tho second of those discoveries to which 
I have referred consists also in a minute apparent movement of 
the stai-8, attributable in this case to a very slight oscillatory 
alteration of the position of the earth's axis, and it completes the 
cycle of its irregularities in a period equal to the time of a revolu- 
tion of tbe moon's nodes, or somewhat more than eighteen years, 
This efl^t has consequently received the technical appellation of 
nutation. 

The two grand discoveries of aberration and nutation may tie 
said to have inaugurated a new era in the history of exact astro- 
nomical observation. An acquaintance with the theory of those 
disturbing influences enabled the astronomer to eliminate com- 
pletely from his observations the effects due to their operation, 
and the place of a star in tJie heavens could now be determined 
with a degree of precision bitherto unknown in observational 
astronomy. The great discoveries of aberration and nutation are 
both due to the celebrated English astronomer Bradley. It is to 
Bradley also that we owe the earliest series of exact observations 
of the places of the stars, which in respect of precision may fairly 
compare with the most accurate observations of the present day. 
These were made at the Boyal Observatory, Greenwich, Bradley 
having held the office of Astronomer-Boyal, to which he had been 
appointed on the death of Halley in 1742. The series of observa- 
tions referred to extended over the period of twelve years 
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included between 1750 and 1762. They were printed at Oxford 
in the beginning of this centftry, but they remained in a condi- 
tion which rendered them inaccessible to the astronomer, 
until they were finally reduced and published at Konigsberg 
in the year 1818, by the great German astronomer Bessel. The 
title of this work, the publication of which marks an epoch in the 
history of astronomy, runs thus : — Fundarnenta Astronomice pro 
antio 1750, deditcta ex observationibus viri incomparahilis Janies 
Bradley in Specula Astronomica Greiwvicenti per annos 1750- 
1762 institutis. It contains^ in addition to the reduced places of 
the stai*s, a profound investigation of the fundamental elements of 
astronomy as deducible from the observations of the £nglish 
astronomer. 

The appearance of Bessel's Fundarnenta Astronomice may be said 
to constitute the starting point of modern exact astronomy. I 
cannot give a better idea of its inestimable value than by quoting 
a few words of Sir Jolm Herschel's in reference to its merits: — "It 
affords," says the illustrious astronomer, " the first example of the 
complete and thorough reduction of a great series of observations 
grounded in the first instance on a rigorous investigation from the 
observations themselves of all the instrumental errors, and carried 
out on a uniform plan, neglecting no minutiae which a refined 
analysis and a perfect system of computation could afford, and 
resulting in a model catalogue such as the world had not before 
imagined. As Englishmen we cannot but be proud to have 
furnished from our national observatory in the twelve years* work 
of a single British astronomer, that one * entire and perfect' mass 
of precious materials, from which has been sculptured forth in so 
masterly a manner, and in all its classical proportions, the fair 
form of modem sidereal astronomy. " 

The researches of modern astronomers have fully confirmed the 
conclusion arrived at by Halley in regard to the proper motions of 
the stars. A comparison instituted between the star places in 
Bi*adley's Catalogue and the corresponding results based upon the 
modem Greenwich observations has established beyond doubt the 
existence of proper motion in the case of a large number of the stars 
in the Catalogue. Similar researches, attended with similar results, 
have been applied to stars more exclusively of the telescopic class, 
and the conclusion obviously suggested by such enquiries is that all 
the stars in the celestial sphere are really endued with a proper 
motion, provided the interval between the terminal observations 
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which form the basis of eaqniry in each case was suffidently great 
to reveal the existence of such a motion. 

It might naturally be Biippoaed that the brighter stars, being 
presumably nearer to the earth than those which are [kinter, would 
be the stars which are distinguishable by a conspicuous proper 
motion. This is true generally, but it ia noteworthy that several 
stars which have been found to have a lai^e proper motion are in 
reality telescopic stars. The star 1830 Oroombridge, which has the 
largest proper motion, amounting to 7' annually, is a star of only the 
seventh magnitude. Quite recently Gould, an eminent American 
astronomer, has discovered that a star of the T-8 magnitude — the 
star designatetl as Lacaille 9352 — has an annual proper motion 
equal to 6'-96. The bright star Arctnrua, which b a star of the 
first magnitude, has an annual proper motion equal to 2''36. 
On the other hand, the beantiful star Higel, which is also a, 
star of the first magnitude, lias n proper motion so inconsider- 
able that it may be regarded as insensible. Several other 
stars of the first magnitude are al^ conspicuous for the small 
amount of their proper motion. There are only four stars of the 
first magnitude in the stellar heavens, the annual proper motions of 
which exceed 1*. These are Arcturus and Procyon in the northern 
hemisphere, and Slrius and Alpha Centauri in the southern 
hemisphere. Tlie number of stars of all magnitudes, the annual 
proper motion of which exceeds 1", amounts to only 71 so far as 
has yet been ascertained by the researches of astronomers. 

The earliest systematic researches on the jiroper motions of the 
stars have been based on a comparison of the star-places of 
Bradley, with corresponding results of observations made in the 
nineteenth century, chiefly the observations made at the Qreenwich 
Observatory. The proper motions, thus established, are chiefly 
due to the researches of Main, Stone, and Downing. 

Kiidler, a well-known German astronomer, had also investigated 
the proper motions of the Bradley stars, and obtained the follow- 
ing results : — 

Niunber of ..d«. Migiatudt. '""l"' "^U" '" *** 
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Tlio most important investigation of the proper motions of 
tolcHcopic HtarH in duo to another eminent German astronomer, 
Argolandor. ^ The number of Ktars which form the basis of 
enquiry is 250. Tiio following is an analysis of the results at 
which ]u: arrived: — 

Numlicr of Slni>. Annual Pipper Motion. 

2, lewUiauO"! 

30. l>etweoii (Tl oud 0^-2 

I.N „ 0-2 „ 0-3 

10, „ -3 „ 0-4 

38, .. -4 ,, •."> 

2;i. ,, Go „ •« 

2J, „ 0-6 „ 0-7 

H, „ 0-7 „ 0-8 

0, ,, 0-8 ,, 0-9 

27. ... greater than T-O 

It will l)C H('('n from ihin analvRiR that the number of stars, the 
annual pi-opor motion of which exceeds 0''*3, amounts to 173. 
Th(? rcinaininf^ 77 stars in Argolander's List have a smaller proper 
motion than 0"*.'i. 

An examination of tho places c<mtaincd in the Glasgow Star 
(JaUilogue, combined with tho earlier star-places of LaJande and 
BesHcl, has led to tho detection of several pro])er motions of sensible 
magnitude. The observations which constitute the groundwork of 
the great Catalogue of Jjjilande were made in the last decade of the 
eighteenth century. The star-places of Bessel compared in this 
instance arc contained in Weissc's Catalogue of the Besselian stars 
comprised between +ir)' and — 15^ of declination. The obser- 
vations ui)oii which these star-places are based were made in 
the years 1822-3-4. The star-places of the Glasgow Catalogue are 
based upon observations made at the Glasgow University Observa- 
tory from 1860 to 188 l.f The results, contained in tho following 
table of pro^wr motions exceeding 0"'30, have been obtained by an 



* First published iu 18G0, in vol. Vil. of the Bonn Astronomical Obser- 
vations. 

t Catalogue of 6,415 stars for the epoch 1870, deduced from obsen'ations 
made at the Glasgow University Observatory during the years 1860 to 
1881. By Robert Grant, M.A., LL.D., F.U.S., F.K.A.S., Professor of 
Astronomy and Director of the Observatory iu the University of Glasgow. 
Glasgow : James Maclehose & Sons, St. Vincent Street, Publishers to the 
University. London : Macmlllan & Co. 1883. 
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inter-comjiarisou of the star-places ooiuiqon to the thne cata- 
logues : — • 
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163 24 


12 


2207 


9 


0-31 


163 24 


13 


2235 




■ 4U 


186 24 


14 


2272 


«-7 


0-33 


144 28 


l.> 


232(i 


8-9 


■JO 


184 17 


lU 


2t;ri0 


7-8 


■45 


154 37 




2U93 


7-8 


^40 


186 17 i 


18 


2020 


7-8 


0-33 


244 59 


19 


3040 


7-8 


0-30 


285 11 


20 




8 


0-40 


160 46 


21 


3123 




0-60 


165 47 


22 


312(i 


7-8 


0-31 


171 53 


23 


330S 


8 


30 


223 35 


24 


3438 


8 


0-46 


257 23 


23 


3524 


8-9 


0'-39 


216 5 


2fi 


3337 


9 


0-32 


139 20 


27 


35G2 


f. 


0-49 


171 7 


26 


3572 


8 


0-38 


346 23 


20- 


3613 


7-8 


0-36 


138 60 


30 


3G48 


8 


0-60 


174 23 


31 


3703 


8 


0-39 


202 22 


32 


3717 


8 


0-32 


185 19 


33 


3752 


6-7 


1 39 


246 40 


34 


3345 


8 


0-45 


181 6 


3S 


3978 




76 


161 41 


30 


4066 


7 


1 -49 


197 32 


:t7 


4112 




0-48 


180 3 




41C2 


6-7 


1 -62 


204 40 


39 


4203 


6 


0-41 


180 


40 


4273 


7 


0-34 


381 12 


41 


4204 




1 -38 


207 51 


42 


4330 


8-0 


-59 


312 46 


43 


4ei(t 


7-8 


0-54 
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* The retulta conUined in tM)lunui 4 are the ftbaolate proper motions 
derived from n combination of tliv proper luotioasiii rigltt ascciihion uudin 
(leclinsUon. The dirtctiiMiaofju-opuriuotiouiDtioIaum SjireU', 'J0% ISO", 
snd 270° for nurth, east, Bouth, ami wcat Tetpci'tively. fiinco the proper 
molioiu in thi* list wei-e originally msde oat, I have ascertained by reference 
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The following determination of the proper motion of a star 
will illustrate the process by which the results contained in the 
foregoing list have been arrived at: — 

4066. Lalande 30044; W.B. (1) XVI., 439; magnitude 7. 

Mean Epoch Mean B. A. Mean Epoch Mean N. P. D • 

ofOba. 1870. ofOb*. 1870. 

LL 1794-48 16 24 T'U 1794-48 85 27 22-86 

B 1822-45 6-52 1822*45 28 6-60 

GL 1874-39 4-71 1876-07 29 2066 
Whence r. a. n. p. d. 



8. " 



G1.-B -1-81 +74-06 

G1.-LL -2-40 +117-80 



Applying a proper motion equal in RA. to -0* -030 and in 
N.P.D. to + l"-42, we havfe 
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LL 16 24 4-84 85 29 1010 




B 5-09 


14-12 




GL 4-85 


12-04 




The Glasgow places for the several years of observations 


are — 


V—,. No. of Mean B. A. Corrected v««r 
^^^' Oba. 1870. forp.in. ***'• 


No. of Mean N.P.D. 
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1868*46 1 16 24 4*74 4*69 186846 


1 85 29 8-60 


10-79 


1869-44 1 4-94 4*92 186944 


1 10-48 


11-27 


1871-35 1 4-75 4-79 187135 


1 13-57 


11-65 


1881-34 2 4-56 490 1880*29 


2 26-94 


12-33 


1881-34 


2 29*05 


12-95 



It appears from the foregoing results that even many telescopic 
stars have a considerable proper motion. 

Indeed, the more the subject is investigated the more we have 
reason to suppose that proper motion is a characteristic of all the 
stars in the heavens. The question then arises, if the stars are 
Suns, and all astronomy leads to that conclusion, may not the Sun 
have also a proper motion in space, and this once admitted we 



to voL vii. of the Bonn Observations (which I had not pre\'iously seen) that 
the proper motions of Nos. 1, 17, 24, 32, 33, 35, 36, 38, 41 had been already 
recognized by Argelander. I have also found that the proper motion of 
No. 1 is inserted in Ellery's Melbourne Catalogue. 

* The letters N.P.D. indicate the north polar distance of the star which 
is the complement of the declination. 
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naturally are led to suppose that the apparent motions of the stars 
are attributable partly to a real motion of those bodies and partly 
to the proper motion of the Sun in space. Astronomers proceeding 
upon this basis have investigated the point in the heavens towards 
which the Sun is travelling and have obtained results presenting a 
satisfactory agreement with each other. In this manner it has 
been found that the Sun, with its whole retinue of planets and 
satellites, is travelling continually in space to a point situated in 
the constellation of Hercules, with a velocity such that, if viewed 
at the average distance of a star of the first magnitude, the 
angular proper motion of the Sun would amount to about 0^*3 in 
a year. 

This it will be seen presents a fair accordance with the proper 
motions of certain telescopic stars as seen from the earth. 

There are groups of stars in the heavens which have a common 
proper motion, independently of what would result from the proper 
motion of the Sun in space. Mr. Proctor has found that five 
of the seven principal stars in the Constellation of the Great Bear 
have a common proper motion of this kind. Similarly it has been 
ascertained that the greater number of the brighter stars in the 
region included between Aldebaran and the Pleiades have a common 
eastward movement, amounting to about ten seconds of space in a 
century. There are also several instances of widely separated 
pairs of stars, the constituents of which have been found to have a 
common proper motion. The pairs of stars numbered in the 
Glasgow Catalogue 2206, 2207; 3122, 3126; 3367, 3368, have been 
found to be of this class by a comparison of the Glasgow star 
places with the earlier recorded places of the same stars. Of these 
the most interesting is the first mentioned pair. The two stars were 
originally observed by Lalande in 1797, and they were subsequently 
observed by Bessel in 1822, and by Struve in 1823. They were 
also observed at Greenwich in 1845, and at Glasgow in 1868. I 
shall here insert the details of the investigation, with respect to 
the proper motion of this pair. 

Considering first the star 2206, we have — 

Mean R. A. 
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H. M. s. 
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^"^cnce B. A. N. p. D. 



8. 



GL-B +0-23 +15*33 

G1.-LL +0-48 +23-81 

Asraming a proper motion in R. A. equal to + 0*-006, and in 
N.P.D. to + 0"-30, we have 
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Again, with respect to 2207, we have 
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Applying a proper motion equal to +0»-006 in R. A., and 
to + 0"-30 in N. P. D., we have 
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It appears, then, that the same proper motion is capable of 
representing the secular changes in the places of both stars. ^ 

The results for proper motion, considered exclusively in this 
paper, are those derivable from observations made with the tele- 
scope. In all such cases the proper motion is supposed to be at 
right angles to the line of sight. A beautiful application of the 
spectroscope, based upon the undulatory theory of light, enables 



* The absolute proper motion and the direction of motion are given in 
the list (No8. 12 and 13). 
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us to determine also the proper motion of a star in the direction 
of the line of sight. In this manner it has been found that some 
stars are approaching the earth, while others again are receding 
from the earth. For instance, the star Alpha Cygni is approaching 
the earth at the rate of 40 miles in a second, while again the star 
Castor is receding from the earth with a velocity of about 25 
miles in a second. It is satisfactory to find that the results 
obtained by the application of this new method are, on the whole, 
in fair accordance with the results previously arrived at by the 
telescopic method. The beautiful application of the telesco^^e 
here referred to is due originally to Huggins, and the method has 
been subsequently practised with great success at the Greenwich 
Observatory by Mr. Christie, now Astronomer-Royal, and his 
Assistants. A most interesting field of research is here opened up, 
the results of which cannot fail one day, in combination with the 
results of telescopic proper motion, to disclose new views respecting 
the movements of the vast bodies which roll in the sidereal universe. 
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III. — On this First Editions of the Chemical Writings o/Demoeritus 
cmd Synesiiis. By John Febguson, M.A., Professor of 
Chemistry in the University of Glasgow. 



[Read before the Society, 19th November, 1884.] 



1. Demooritus, the oldest known writer on chemical topics, is the 
nominal author of a tract in Greek, entitled #wtKa Kal Mwrraca, 
which is contained in most of the Greek alchemical Manuscripts.* 
Some of the older historians of chemistry tried to identify him 
with the Greek philosopher of the same name, but there is no 
evidence to support such a view. From a variety of considera- 
tions, however, it is probable that he flourished not later than 
the third or fourth century A.D., so that the subject about 
which he wrote cannot be considered an absolutely modem one. 
His curious tract has never been edited in the original language; 
its contents are known only through a Latin translation, executed 
in the sixteenth century by an Italian named Dominico Pizimenti. 
As no more ancient alchemical writer than Democritus is known, 
this writing of his would be of the greatest importance, were it 
not rendered almost useless by its obscurity. Familiar words and 
expressions are indeed constantly employed, but it is questionable 
if they have the meanings attached to them now, or carry the same 
meanings throughout the tract itself The whole work bears the 



* These manuscripts arc described in full by Dr. Kopp in his great work ; 
BeUrdge zur Geschichte der Chemie, Braunschweig, 1869, 8vo, Parts i.-ii., 
which contains all that is at present known about the Greek alchemists and 
their writings. As the first portion of the present paper is simply an 
abridgment of Dr. Kopp's results, I make this reference to his work once 
for all, to avoid constant quotation. For the same reason I curtail reference 
to the older writers as much as possible, as they are all to be found in Dr. 
Kopp's notes. A paper by myself, giving a sketch of Dr. Eopp's researches 
and a list of the MSS., was printed in the Proceedings of this Society for 
1876, vol. z., pp. 368-89. It is the existence of that paper which has 
induced me to submit to the Society the present conmaunication also, one 
80 entirely technical in detail and limited in interest, that it can appeal to 
only one or two specialists. 
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stamp of an esotericism, the aim and the interpretation of which 
are alike a puzzle to the historian. 

2. Over and above the difficulty of interpretation, there is nearly 
as much in ascertaining precisely such apparently commonplace 
and obvious matters as the date when the translation was first 
printed, and the number of editions of it which appeared. Dr. 
Kopp, who has gone into these questions most minutely, has 
not been able to arrive at a definite settlement of them. In 
his survey of the statements made by the different authoiities 
he has found them at such variance with one another that he has 
been constrained to believe that the descriptions of the various 
editions could not have been written from inspection of actual 
copies. As he himself has succeeded, after great trouble, in seeing 
a copy of only one edition, all that he has been able to do for the 
others has been to compare the statements of different writers, and 
to get from them what seem to be the best conclusions under the 
circumstances. Subsequent inquirers are under a deep obligation 
to him for the amount of labour he has thus spared them. 

3. Of Pizimenti's translation, the number of editions quoted 
incidentally by Dr. Kopp from the various authorities is con- 
siderable. They are as follows: — Home, 1570; Padua, 1572, 
1573; Cologne, 1572, 1574; Frankfurt, 1592, 1613, 1673; 
NUmberg, 1717. 

For the edition of 1570 there is the authority of Coming. 
Dr. Kopp, however, attaches no importance to it ; he does not 
criticise Conring's statement about it; he does not apparently 
think it worth while to consider even the possibility of its 
existence, for he looks upon this date as an error. 1 shall consider 
it below (§11). 

The Padua edition of 1572 is mentioned by Ducange, by Giiisse, 
and by Mullach. Dr. Kopp considers this date also erroneous. 

It is the Padua edition of 1573 which is reckoned by him 
the first or oldest, and he gives the following title : — ** Democritus 
Abderita de arte magna sive de rebus naturalibus; nee non 
Synesii et Pelagii, et Stephani Alexandrini et Mich. Pselli in 
eundem commentaria. Dom. Pizimentio Yibonensi interprete. 
Patavii, 1573. 

After much searching and trouble, Dr. Kopp succeeded at last 
in finding a copy of this extremely rare book in the University 
Library at Gottingen; the very volume, I suppose, described by 
Beokmam), who was professor of Technology there towards the 
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end of last century. The title and date of it are given with 
actual or approximate accuracy by Fabricius, Hoffmann, Beckmann, 
Brunet, and Grasse; but Dr. Kopp has adduced abundant evidence 
to show how very scarce the book is, and how little it is known. 

4. The next edition to be considered is that contained in a 
Cologne reprint of the treatise on Secrets by Antoine Mizauld, 
entitled: Memorabilium . . . Centurice Novem. About the 
date of this book much confusion prevails. Dr. Kopp, who 
himself has not seen any Cologne edition, has compared all that 
has been said by the different authorities, but has given up the 
attempt to reconcile their conflicting statements. The following 
are the two chief points : — 

(1) Both Fabricius and Lambeck say that it appeared at Cologne 
in 1572. Believing, as he docs, that the Padua edition of 1573 is 
the oldest, Dr. Kopp feels naturally very sceptical about one of 
1572, and remarks that if one there be, in all probability it is of a 
different translation from Pizimenti's. 

(2) Reinesius — followed by Dufresnoy, Hoffmann, Gmelin, and 
Schmieder — quotes an edition of 1574 only. Conring, who, 
as mentioned above, says that the tmnslation first appeared in 
1570, adds that it was reprinted at Cologne four years later, thus 
indirectly confirming the statement of Reinesius. 

5. Besides the 1574 edition just mentioned, Dufresnoy quotes 
the following:— Frankfurt, 1592, 1613 and 1673, but without 
saying definitely whether these are reprints of Mizauld's and 
Democritus' tracts, or of Democritus' alone. If he mean that 
these are joint editions, Dr. Kopp points out that copies of Mizauld, 
Frankfurt, 1592, 1599, and 1613, which he has examined, do not 
contain Democritus. I have likewise examined a copy of the 
1592 edition, and can confirm Dr. Kopp's statement with regard 
to it. As to the edition of 1673, Dr. Kopp does not speak, he 
apparently not having seen it. If, however, Dufresnoy mean the 
latter, Dr. Kopp has been equally unsuccessful in seeing copies of 
Pizimenti's translation by itself, printed at Frankfurt and having 
any of these dates. 

Schmieder is more definite than Dufresnoy, but he is probably 
on that account more inaccurate. He gives the title of the 
Padua edition, 1573, and adds immediately: " the same text was 
copied in the newer editions : Colonia>, 1574, 16.; Francofurti, 1 592, 
1613, 1673, 8." Here no notice is taken of Mizauld's book at all, 
and one would be led to believe that these were reprints of 
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DemocrituB alone, from the Padua edition direct. All this seems 
to me very doubtful; if there be a Cologne 1574 edition it is most 
likely a reprint of Mizauld with Democritus ; while of the other 
dates, the only copies known want Democritus. My own opinion 
is that the editions of 1592, 1613, 1673, need not be taken into 
account until actual copies of Mizauld with Demociitus, or until 
separate editions of Democritus alone with these dates be dis- 
covered, an event which I think will never happen. 

6. The last edition mentioned by Dr. Kopp is that printed at 
Nilmberg, in 1717. He himself has not seen it, but he quotes it 
from Hoffmann, and observes that its title is different from that of 
1573. It is very remarkable, as showing the doubt hanging round 
the whole subject, that even respecting this almost modem edition 
there is contradiction, for while Hoffmann gives the title in Latin, 
Dufresnoy, and after him Schmieder, say that it was in German. 
Dr. Kopp is unable to decide who is right 

7. It would appear, therefore, as if, of the several editions men- 
tioned during the last three centuries, only one — that of Padua, 
1573 — were properly authenticated by competent authorities, 
Beckmann and Dr. Kopp. 

The foregoing summary is requisite for the proper understanding 
of what I have discovered lately on this subject. 

8. In the course of certain researches, not immediately concerned 
with Democritus, I was led recently to investigate Mizauld,'s 
Memorabilium Centurixw Novem, of which a copy of the Frankfurt 
edition, 1592, had come into mj hands (§ 5). Looking for 
other editions, I found first in Sir William Hamilton's Collection, 
now in the University Library, and thereafter in the Hunterian 
Library, copies of Mizauld's work printed at Cologne in 1572. 
On examining the two copies, I observed that they both contained 
the tract of Democritus, with the commentaries, translated by 
Pizimenti. The following is a detailed description of the book : — 

TiiU: Antonii Mizaldi Mon- | luciani Galli, Medici, | Memorabi- | livm, 
Sive Area- | norvm omnia Ge- | neris, | Per Aphorismos Di- | gestorum, 
Centurise IX. | Et, | DemocritvB Abderita, De | rebus Naturalibus k 
Mysticis. | Cum | Synesii, et Pelagii | Commentarijs. | Interprete de 
Grseca liugua, | Domioico Plzimentio Vibonen- | ei, Italo. | Pnefatio, 
I In omnes hosce libros. | Colonise, | Apud loannem Birckmannum | 
Anno D.M.LXXII. | Cum Gratia & Priuilegio Csesar. Maiestat. | 

6'li6 X S'//6 inches. Signatures in twelves; ff. 58 unnumbered and 2 
blanl-f 245 numbered^ 1 blank. Printed in itaiics. 
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CoUation :—/. 2 redo : De Mizaldi | Arcanis, Nee Kon | Graecis in Demo | 
critvm, Ceteris- | qtie, Chemi® scripto- | ribus, | Prefatio, | Ad Clar- 
issimvm No- | bilitate, dootrina, prudentiaqiie virum, | Thomam 
Redingervm | Silesivm. | 

This prffaot ends on /. SIS r. with the toords: comparatnr. Vale. 
Calen- | dia Martijs. M.D. | LXXII. Vbio- | rum Colo- | nia. | (•.') | 
follotced by a scroll ornament. On /. S£ v. begins Index Eervm, 
which ends on /. 61 v. Then follows /. 52 r, Praefationis errores 
incvria ad- | missos, sic corrige. | ending f, 62 v. Ff. 68 and 64 are 
blank. This ends the introductory matter which is not numbered. The 
text of Mixaldtuf treatise then begins on leaf A,/, 1, and goes down to the 
recto qff. 212, Verso is blank. 

F. 213 contains the title to the chemical tracts as follows: — 

Ex I Venerandffi Grsecse vetustatis de ar- | teChymica,TelliqniJ8^«ie/ | 
DemocritvB | Abderyta, De Arte | Sacra : Sive, De Rebvs | naturaliboa 
&my- I sticis | Necnon | Synesij, & Pelagij, Antiqnonim | Philoso- 
phorum: ineundem, | Commentaria. | Interprete | Dominico Pizimentio 
Vibo- I nens, Italo. iSmcUl scroll ornament. 

F. 213 verso is blank. F. 214 recto contains PizimentVs preface^ which ends 
f. 218 recto with tJie toords: Stephani Alexandrini, Olympiodori, | & 
Pelagii cdmentaria, in eundem | Democritum propediem ex- | pecta. 
Datum Eom§. | Calend. Septemb. | M.D.LXX. | (•.*) I ^/*« catchword 
is Ex. Thenf, 218 v. begins: De Rebvs Na- | tvralibvs et My- | sticis 
Demo- I criti. | Natvra natura | gaudet: &c., which ends f 227 verso: 
omisi, I cbm liber^ in alijs etiam | meis scriptis pertractarim. | In hoc 
scripto I valete. | (•.') 

F. 228 recto: Synesii Phi- | losophi ad Dio- | scorvm in Librvm | Demooriti. 
I Scholia. I with a scroll ornament. It endsf, 288 verso. 

F 239 recto: Pelagii Philo- | sophi De Eadem | Divina, et Sacra | arte. | 
Endsf, 246 verso. A blank leaf ends the volume. 

Two things follow of necessity from this description: 1*, 
the Padua edition of 1573 cannot be the first, as Dr. Kopp with 
the materials at his command quite legitimately inferred; 2*, 
Dr. Kopp's supposition that if there were an edition prior to that 
of Padua, 1573, it could not have been one of Pizimenti's trans- 
lation, is disposed of by the statements on the title-pages. 

9. Pursuing my researches still further, I found in the British 
Museum no copy of the 1572 edition, but another printed also at 
Cologne by Birckmann, in the following year, 1573. I at first 
thought that this might be simply a re-issue of the remainder of 
the previous edition, with a new or re-dated title-page. On 
examination, however, I found this was not the case, but that it 
was a veritably new edition. As it is entirely unknown, and baa 
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never been mentioned hj sny writer on the snbject^ the follovinf; 

account of it may be given : — 

Title: Antonii Mlzkldl Mon- | lad&ni Oolli, Medid, | MemonbiliTm, Sire 
Arc*- 1 DOTTm omoiH ge- 1 neris, | Per Apborismos Di- | geatornm, Cen- 
turiEB IX. I Et I D«nu>critvB Abderito, De ] rabiia NatanUbiu, ft 
MyaticiB. | Com | STiiesii, et Pel»gii | Commentuiji. | luterpiete de 
Ormc& liDgDft, | Dominico Pziimeiitio Vibonen- | n, Italo. | Prmfatio, | 
In omuea hoace Ubnw. | Coloniae, | apnd loBimeni Birckmuiniiiii \ 
. Anno. D.M.LXXni. | Cnm Gntia & Prinilegio C«ei»r. Uueatxt. | 
5 '1^ by £ "l,i iacha. Signatvrtt in tiadva: ff. iS uaaumbertd, S^S 
manberetl. Prinltd in ilalia. 

Folio t redo; De Mizaldi AreniiI>...Pnef&tio, endt /. 31 veno. Folio SS 
recto: Index Bemrn to f. iS recto. iS verto it Maiti. 3?iere i* no 
tabu qf Errata. The text begin* on A, /, 1, and goet doum to /, tit 
recto, Verio m blank. 

Fol. SIS Tteto: Ez | Teneruidn Gr»CEc Tetaatiitu da ar- | te Cbjinic*, 
relliquiJB (lie). [ DemocritvH | AbdetTt»,deArte | Ukcr>: Siva, De Bebvs 
I natm&libui & my- | BticiE, | Necnon | Synesij, k Pelagij, Antiquomin 
I Fhiloaopbonua : in eundam, | ConmentarU. | Interprete ] Dominico 
Pizunentio Vibo- | neoEi Italo. | Small leroll omament. 

Folio tli rtda: PiatnxMi'a addrat, wMch end*/. tl8 reeto: BomB, CalMid. 
Septemb. M.D.LXX. 

FoGo £13 verto: Ez lUbvs Na- | tvulibva et My- | atida Demo- j critl. 

Folio S£8 redo: Syneaii Phi { loiophi od Dio- | aoorrm in libmn | 
DemooritL ] Soholi*, (■,-) \/oiloa>edby large leroU omamtnt. 

FoUo 139 reeto: PeUgii Philo- | aophide eadem { DivuMet Skcn { ttrta('.') 
I tndtf. US verio. 

Comparison of these two editions shows that, though id^itical in 
eome points, they differ materially in othen ; for example, in the 
preliminary matter, which occupies 52 ff. in one copy, and 45 fC in 
the other; in the absence of a table of errata in the 1573 edition, 
and in many details of typography, which show that the type 
mnst have been taken down and set np again before the 1673 
edition was printed off. 

10. The discovery of these two editions, however, has more impor- 
tant bearings. It introduces new difficulties, and makes the 
construction of a complete and authoritative list by no means so 
simple as at first sight appears. 

Seeing that the edition of Padua (1573) has to cede the first 
place to that of Cologne (1672), a difficnlty is created therein 
which cannot, with our present knowledge, be well got over. 

It seems to me rather improbable that a translation by an 
Italian should be published for the first time at Cologne. It 
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seems equally improbable that it should appear as an appendix to 
a quite different work by a Frenchman, which had been published 
at Paris six years earlier. I cannot help thinking it likely that 
there must have been an earlier edition piinted, one would expect, 
in Italy. Two such are mentioned. 

Ducange, as has been seen above, quotes a Padua edition of 
1572. He never saw it, however, and could not tell whether it 
was in Greek or in Latin. Dr. Kopp, knowing only the Padua 
edition of 1573, naturally enough considera this to be an error of 
Ducange, but I am not at all sure that it is so. It seems just as 
likely that there were two editions at Padua in 1572, 1573, as that 
there were two at Cologne in 1572, 1573, both of which I have 
seen and just described. If so, it is reasonable to suppose that the 
Padua edition of 1572 was the earlier; but in that case Birckmann 
must have got a copy before March 1, 1572. For in his preface, 
which has that date, he says that when he had got half through 
the printing of Mizaldus' book, Joannes Metellus Sequanus sent 
him the tracts of Democritus and the others, and requested them 
to be added, which he did. Now, Sequanus is the peraon to whom 
Pizimenti addresses his translation from Home on September Ist^ 
1570. The question then arises — Was the copy which Sequanus 
sent printed or manuscript? Birckmann does not say; but as he 
does say that he got Mizaldus* book also from Sequanus, we may 
assume that it was a printed copy, probably of the Paris edition 
1566. It is plausible to infer that the other was also printed. 

11. The evidence in favour of the possibility of such an earlier 
edition is twofold — Fii-st, There is the date of Pizimenti's trans- 
lation just referred to: Rome, Sept. 1st, 1570. If finished then, 
it would be ciurious if it was not printed till Sequanus sent the 
MS. to Birckmann, who brought it out in 1572. But if that be so, 
there may be possibly no Padua edition of 1572 at all, and that of 
1573 may be a reprint from Birckmann's. 

Secondly, Conring, as has been already mentioned, speaks of a 
1570 edition at Rome: — " Supersunt ver6 ijdem illi Democritei 
libelli hodieque; avcKSorot taraen hactenus, nisi quod unum eorum 
cum Synesii tk Pelagii scholiis Latine a se versum, Romae seculi 
superioris anno septuagesimo ediderit Dominicus Pizimentius; 
quam editionem in Germania quarto anno p6st Colonise Agrippina3 
cum Mizaldi Memorabilibus alii expresserunt"* 

* De Hermetica Medicioa. 1669. p. 29. 
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ThU seems precise enough ; ibe originals remain unpublished 
hitherto, excepting that Pizimenti pubUahed at Rome ia 1570 a 
Latin translation of one of them, which was reprinted four years 
later at Colt^ne. There is certainly no evidence here of Conring 
having seen a copj, and he ma; be merely inferring from the date 
of the dedication that there was an edition of 1S70. I do not 
know of the existence of any copy of this dal«, but there is 
nothing against it when there is so much doubt as to the date of 
the first edition. 

13. As for a 1574 Cologne edition, we have the word of Beinesius, 
of Conring, and other lat«r writers, already quoted. I have seen 
no copy, and no mention of one in any catalogue. Its existence, 
however, is quit« possibla 

Of the reprint of Mizaldus, Frankfurt, 1692, I have already 
spoken. It does not contain Democritns. The reprints of 1699, 
*1613 certainly, and of 1673 probably, do not contain it, and there 
is no proof that there are separate editions of Democritus with 
these dates. 

13. Nothing more was heard of Democritus till the year 1717, 
when tlie tract was reprinted. Dr. Kopp has failed to see it ; but I 
have been more snccessfu], and the following is a description of the 
copy I have had before me: — 

TUlt (printed ia red and blatk): Democritua | Abdeiyta Gnecus ] De | 
Rebns Saciia | Nataralibm et Mysticis. | Cum KotU | Syneaii k 
Felagii. \ Tamba ] Semimmidia | flenneticra (lie) SigillaUe, | Quim | 
Si Sapiens aperaerit, } Non | Cynii, AmbitioBua; | Avanu, | Begum 
ilia thesauros, divitiariim inexhauatos, | quod aufficiat inveniet, | 
H.V.D. I Norimbergie. \ A pad Hieredee Job. Dan. Taabari, | 
M.DCC.XVII. I 

Small 8m, pp. b'j, and a page of adrenittmtnU. 

Pitimenti^t Prr/aer, p. 3; Democrilus, p. 10; Synetiui, p. 19; Pda- 
giui, p. 32, ending p. SS; afier mkick eomee the Tnmba Setniramidia. 

This is a repi-iut of the Latin. Dufresnoy says, inso many 
words, that it is in German, and Schmieder makes the same asser- 
tion, either of his own knowledge or following Dufresnoy. I am 
unable to say whether there be a German translation of this date 
or not There is nothing impossible in the book appearing simul- 
taneously in both languages, but the statement may also have 
arisen from confusing the two tracts ascribed to Synesius, as I 
shall show presently. Dr. Kopp does not express any opinion. 
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After 1717 the book passed into oblivion, so fieur as I know, 
until Dr. Kopp reprinted it in his Beitrdge in 1869, from the 
Padua edition of 1573. This reprint was confined to Democritus. 

14. The list of editions to which this research has conducted me is 
rather larger than what Dr. Kopp has been able to muster. It 
is as follows 



Date. 

1670 (?), 
1572, 
1572 (?), 
1573, 
1573, 
1574 (?), 
1717, 
1717 (?), 
1869, 



Place. Anthority. 

Rome (?), Conring. 

Cologne, Ferguson. 

Padua (?), Ducange. 

Cologne (previously unknown), Ferguson. 

Padua, Beckmann, Kopp. 

Cologne (?), ReinesiuB, Conring. 

NUmberg (in Latin), ... Ferguson. 

NUmberg (?) (in German), ... Dufresnoy, Schmieder. 

Braunschweig, Keprint in Kopp's 

Beitrdge. 



15. Everyone who has examined the ^xxriKa kol M.voTucd has been 
compelled to give up the intei*pretation of it. It is obscure in the 
highest degree ; the only thing that seems tolerably certain is that 
it deals with transmutation. How transmutation is to be effected 
it does not tell us, or if it does, it is in language which we cannot 
interpret Indeed, we cannot form any idea of how the writer 
regarded the problem. 

This obscurity seems to have been felt at a very early date, for 
the next oldest extant chemical writing is the commentary hj 
Synesius, professing to explain the Democritean philosophy. It 
need hardly be added that, like other works of the same kind, it is 
as obscure as the original 

Regarding the author's life, the age of the commentary, the 
absence of an edition of the Greek text, the editions of Pizimenti's 
translation, everything that has been said about Democritus may 
be repeated. The older writers tried to identify Synesius with the 
Bishop of the same name, but that is undoubtedly wrong. The 
author of this commentary was subsequent to him by an interval, 
possibly by a wide interval, of time. 

Of the writing itself we know only through Pizimenti's transla- 
tion, and as it accompanies Democritus' tract in the actual editions 
of Cologne 1572 and 1573, Padua 1573, and Niimberg 1717, it is 
most probable that if any of the doubtful editions exist the tract 
of Synesius will be contained in them. Dr. Kopp has not reprinted 
this commentary. 
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16. But there is anotlier point of interest connected with 
Syneaiua. A tract, purporting to be by him, was printed in the 
modem languagex. 

In a fool-note {BeitrUffe, p. 151, ur. 28) Dr. Kopp Bays : — 

"Qiebt es such Uebenetznngen in'a Englucbe and ih'b DentscheT Wo 
Fabriciiu (Bibl. gr., vol. xii., p. 769) der Inteinitchen Uabenetzuiig dea 
PizimeDti erw^ot, fUgt er bei : Ejuidem argamanti Bcriptum Syneaiannm 
ex codice bibl. caesBTea vennm ftnglioe excrtst od caloem Baailii ValeDttau 
in uiglicam couTSisi lingoom Lood. 167S et gemuuiice cnronte Frid. 
Bothacholzio Altdorf 1718. Icb lunn beide bier cittrte 8chrift«n nicht 



I have been again more lucky than Dr. Kopp, for I have not 
oolf seen these two editions, but I have seen no fewer than nine 
editions, including a number in French, which Dr. Kopp has 
somehow missed. 

The French is the oldest edition of the work I am acqufunted 
with. It appeared at Paris in 1612, in a thin 4to volume, along 
with the works of Art«pfaius and Flamel, under the title; Troit 
Traiclez de la Philosopliie NatvrtlU, non encore imprimez, trans- 
lated by P. Amauld. I have seen three copies having this date ; 
two are alike, the third is different, so that there must have been 
two issues of this book. One issue contains pp. 103; the tract of 
Sjnesius occupying pp. 94-103. The other contains pp. 98; the 
tract of Synesius occupying pp. 89-98. In 1669 there appeared a 
new edition of the second issue. Finally, it was included in the 
oollection of alchemical tracts, entitled Bibtiolheqve des Philosopltts 
ChimiqvM, published at Paris, 1740-41, torn. iL, pp. 175-194. 
The English translation was printed at London in 1678. Though 
appended to Basil Talectine's Triumphant Chariot of Antimony, 
it has a separate title-page : The True Book of the leamed Sj/netius, 
a Greek cAbot, taken out of the Emperouf'e Library, eoneemiaig the 
Philosopher't Stone. It was probably translated by Bicbard 
Russell. It was reprinted at Loudon by Francis Barrett in his 
curious collection of alchemical tracte so recently as 1816. 

The German version was executed by Eoth-Scholtz, and was 
printed, along with the works of Sendivogius, at NUmberg, in 1 7 1 8, 
by the heirs of Job. Dan. Tauber. It will have been observed 
that the 1717 edition of Democritua and Synesius was printed by 
the same people, and indeed it is advertised at the end of this 
translation. It is possible that the statement by Du&esnoy and 
by Scbmieder respecting a German translation of Democritua and 



46 



PJisloaaphical Society of Glasgow, 



Synesius in 1717 may be due to confusing the two tmcts of 
Synesius, and then assuming that Democritus had also been trans- 
lated. This is mere supposition, however. Synesius was included 
in the translation of FlameFs works by Johann Lange, of which I 
have seen two editions printed at Vienna — one dated 1751, and 
the other 1752. 

17. The fact is, however, that what passes under the name of 
Synesius in these modern versions ia not the Commentary on 
Democritus, edited by Pizimenti. Whether by Synesius or not, 
it is a totally different production, and, as the name of Geber 
occurs in it, it may doubted if the tract is of any great antiquity, 
or if we have got it in a form devoid of recent interpolations. 
One noticeable thing about it is that there is no version of it in 
Latin, so far as I know; for Dr. Kopp's remark, above quoted, 
rests on the supposition that the English and German translations 
are from Pizimenti's vei'sion, which is not the case. I am not in a 
position to say anything at present about the origin and author of 
these works ; they must wait until the two ancient writers whom 
we have been considering are better known. 

18. Corresponding to the list of the Democritus editions already 
given, the following for Synesius may be useful: — 

Commentary on De-mocriti's. 

Dutc. riiuT. 

1572, Cologne. 

1573, ... Cologne. 

1573, Padua. 

1717, ... NUrnber^. 

For the doubtful editions, see SS 5 and 14. 



"The Truk Book." 



Frencli- 


-1612, . 


... Paris. 






1612, 


Paris. 


2nd issue. 




1659, 


.. Piiris. 






1740, 


... Paris. 


liichebourg's Collection. 


German- 


-1718, 


... Niiniberg. 


With Sendivogius. 




1751, 


Vienna. ... 


With Flaniel. 




1752, 


Vienna. ... 


With Flamel. 


EDglieh- 


-1678, 


London. ... 


With B. Valentine. 




1815, 


... London. ... 


Barrett's Collection. 
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IV. — On the Composition of Ocean Water. By W. Dittmar, 

F.R.SS.L. k K 



[Read before the Society, 3rd December, 1884.] 

When our excellent Secretary called upon me to present a summary 
of the results of my share of the chemical Challenger work to this 
Society, in the form of a lecture, I fully appreciated the honour 
thus done to me, but I felt grave doubts as to whether I should 
consent. Whatever may be the merits of my work, its better 
part consists of critical investigations into old, and attempts at 
inventing new, analytical processes ; the net results in the sense 
of Oceanography amount to very little, and that little I had already 
summarised in an appendix to my Memoir, as printed in a lately 
published volume of the Challenger Beports.^ In compiling that 
summary I, of course, tried to do my best, and I fear it will not 
be possible for me, in this lecture, to offer you much in addition to 
a mere rechauffe of what I have already published. In this respect, 
as in regard to all other shortcomings of this lecture, I must 
just rely on your kind indulgence. 

The most rudimentary knowledge of geology suffices to give one 
the conviction that the ocean, in its general configuration, must 
have been the same as it is now for many a thousand years; hence 
its absolute composition, as a whole, can be subject only to very 
slow, millennial we might say, variations. And as the ocean is 
in a continual state of motion, caused by the tides and an immense 
variety of cuirents independent of the tides, the contents may well 
be assumed now to be homogeneous, apart from local variations 
caused by the influx of rivers, and by chemical reactions going on 
at the bottom between the minerals there and the water which is 
in immediate contact with these. But as all those minerals which 
are more readily acted on by sea-water must by this time have 
vanished, those mineral-disintegrations cannot be presumed to have 
any appreciable effect on the composition of the superincumbent 
ocean, and so we come to conclude that, substantially speaking, 
the only variable item in the composition of ocean water is the 
proportion of pure water present, or, if you prefer it, the salinity. 



• The Physics and Chemistry of the Voyage of H.M.S. Challenger; 
Part I. Printed for Her Majesty's Stationery Office, and sold by Adam 
& Charles Black and Douglas & Fonlis, Edmburgh (and others), 1884. 
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The rivers, it is true, import dissolved and suspended solids 
in addition to water chemically so called. Even such a small 
river as the Thames (from observations made at Kingston) has 
been calculated to carry down 1500 tons of dissolved matter in a 
day, or 548,000 tons per annum. From an interesting German 
book on Oceanography,* which has lately come out, I extract that 
the thirteen principal rivers of the earth contribute to the ocean 
211,963 cubic metres of water per second. Now, assuming with 
Bischoff that average river water contains about -jT^T^th of its 
weight of total solids, I calculate that the total solids introduced 
by those thirteen rivers into the ocean per year amounts to 
1-337 X 10' tons (of 1000 kilos each). But the total mass of the 
ocean, according to the latest calculations, amounts to 1*322 355 x 
10^^ tons {i,e.y 1*3 trillion tons); and assuming average ocean 
water to contain 3*5 per cent, of its weight of dissolved solids, the 
total dissolved solids of the ocean amount to 4*628 x 10" = 46,280 
billion tons, which is 3*462 X 10' times as much as the solids 
introduced by our 13 rivers in a whole year. It would take 
at least 30,000 times as much to tell distinctly on the most 
exact sea-water analysis which can be made by means of our 
present methods. 

All this tends to confirm our conviction that, although the 
salinity of ocean water is variable, the composition of the aoltUum 
cannot be subject to more than very slight variation. 

But what is this composition in a qualitative sense? Extremely 
complex, we should think, for obvious reasons; and so it is in a 
sensa According to Forchhammer, to whom we owe a great 
deal of our knowledge of the subject, ocean-water salts, although 
substantially (as has long been known) a mixture of muriates and 
sulphates of soda, potash, magnesia and lime, include besides silica, 
boric acid, bromine, iodine and fluorine as acid, and the oxides of 
iron, aluminium, nickel, cobalt, manganese, zinc, silver, lead, copper, 
barium and strontium as basic components. In addition to these, 
gold, arsenic, lithium, rubidium and caesium have been discovered 
since Forchhammer wrote. 

All these subsidiary components, however, as Forchhammer 
found, even in the aggregate, amount to very little, so little that in 
all his numerous quantitative analyses he disregarded them and 

* Handbuch der Oceanogrftphie von Dr. G. von Boguslawski, Stuttgart, 
Engelbom. 
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confined hiniBelf to the determination of the proportions of 
chlorine, sulphuric acid, magnesia, lime, potaali, and soda. The 
soda, however, he determined only by difference, assuming that that 
part of the muriatic and sulphuric acid which remained over after 
deducting what would saturate the potash, lime, and magnesia 
found, was present as neutral soda salt. In this manner he 
analysed several hundred sea-watera which he had procured from 
all quarters of the globe. His results are published in full in the 
now classical Memoir which he contributed to the volume for 1865 
of the Transactions of the London Eoyal Society. The net re- 
sult, as far as it interests us here, can be stated in a few words. 
Excepting the waters of certain fiord-like or almost land-encircled 
regions of the ocean which cannot mingle freely with the mass of 
the latter; in other words, if we confine ourselves to the water 
of the open ocean, the ratios ta one another of the quantities of 
all the components named are all but absolutely constant. 

With the riew, primarily, of supplementing Forchhammer's 
great work, I determined the six predominating salt-radicals in 
77 of the samples which had been collected by the Cliallenger by 
the most exact methods I could think of; taking care in each 
case to test the adopted method by critical experiments on known 
quantities, to sufficiently multiply each determination for being 
able to estimate the uncertainty in the result, and to rigorously 
adhere to a certain viodug operandi, so that any remaining 
method-errors might be eliminated by subsequent investigations. 
The methods I used are fully described in my Memoir ; suffice it 
here to state that, unlike Forchhammer, I did not assume sea- 
water salts to be a perfectly neutral mixture of sulphates and 
chlorides, but made it a point to determine also the soda by a 
method independent of the state of saturation of the salts present. 
This method — as I subsequently found out — was infected with a 
slight positive error, and perhaps I have to thank this mishap for 
having perceived and duly considered a fact which, although 
generally surmised, bad been neglected by my predecessors. I 
refer to the fact that sea-water salts contain an appreciable pro- 
portion of base over and above that which would neutralize the 
two principal acids. This surplus base must be present as car- 
bonate, and, in the present state of chemical science, part of this 
carbonate must be carbonate of linte — an important component of 
the sea — because without it marine animals generally, and the 
cnistaceauB in particular, could not carry on their existence. 

Vol. XVI. o 
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From the mean results of my 77 analyses I calculated that the 

surplus base per 1,000 grams of ocean water is equivalent to 0'25 

grams of carbonate of lime. Before giving the correction which 

this number is liable to, let me state, as a general result of mj 

analyses, that in them, as in Forchhammer's, the ratios of the 

several components to one another or to the total salts exhibited 

practically constant values. Now, Forchhammer's samples were 

all from surface waters ; while of mine the majority came from 

more or less considerable depths, namely — 

12 from the surface. 
10 from depths of 25 to 100 fathoms. 
21 from depths of 100 to 1,000 fathoms. 
34 from greater depths. 

Hence Forchhammer's proposition of the substantial constancy of 
the quantitative composition of ocean-water salts may now be 
extended to waters of all depths. 

The following table gives the results of my 77 analyses, 
contrasted as far^ as possible with Forch hammer's : — 

AVERAGE COMPOSITION OF OCEAN- WATER SALTS. 





Per 100 parts 
of Total Salts. 


Ter 100 of Halofi^ii calculated 
as Chlorine. 


Dittmar. 


Dittmar. 


Forchhammer. 


Chlorine, - - - . 

Bromine, .... 

Sulphuric Acid, SOs, 

Carbonic Acid, CO2,- 

Lime, CaO, 

Magnesia, MgO, 

Potash, K2O, - 

Soda, NasO, 

(Basic Oxygen equivalent 
to the Halogens), - 

Total Salts, - 


55-292 ^ 
01884. 
6-410 
0-152 
1-676 
6-209 
1-332 

41-234 

(-12-493) 


99-848 
0-3402 

11-576 
0-2742 
3-026 

11-212 
2-405 

74-462 

• • • 


Not determined. 
Not determined. 

11-88 

Not determined. 

2-93 

1103 

1-93 

Not determined. 

• • • 


100-000 


180-584 

1 


• 

181-1 



* Equal conjointly to 55-376 parts of Chlorine, which accordingly is the 
percentage of '* Halogen reckoned as Chloiine" in the real total solids. 
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COMBINING ACmS AND BASES WE HAVE (DITTMAE)- 
Chloride of Sodinm, 
Chloride of Magneaiam, 
Sulphate of MagneuDtn, 
Snlphate of Lime, ■ 
Snlphata of Potaali, - 



Redncing to the abaolnte 
the following numbcn:— 



Total Salts, 

of thai 



77-758 
10-878 
4-737 
3-600 
2-465 
0-217 
0-34fi 

100-000 
. given above, we arrii 



ABSOLUTE COMPOSITION OF THE SALTS OF THE OCEAN. 

UNITnl BlLUOK=10" TONB, 

Chloride of Sodinm, 3G90Q 

Chloride of Magneaium, 
Sulphate of Magnetiuca, 
Sulphate of Lime, 
Sulphate of Potash, • 
Bromide of Magneaitim, 
Carbonate of Lime, ■ 



Total Bromine, 

Total Iodine, 

Total Chloride of Bnbidinm, 



87 2 (W. D.) 
0-03 (KOttBtorfer. ) 
250 (C. Schmidt.) 



Oq comparing my numbers vith Forchhammer's, you observe 
that we differ sot inconsiderably in regard to the potash, for whose 
determiuatioa Forchhammer employed an insufficiently exhaus- 
tive method. The dit^rsms also show that I tried to extend 
Forchhammer'a work in another direction besides the one just 
referred to; but I vill rather now return to where I left off a few 
minutes aga 

After having discovered the existence of surplus base in ocean- 
water, I tried very hard to discover a method by means of which 
its proportion could be determined more directly than by the 
necessarily tmcertain method of balancing one string of analytical 
determinations against another, but I was not successful All I 
managed to do «aa to obt«un independent additional evidence of 
tlie existence of surplus base. While I was thus engaged, the 
problem found a very simple and elegant solution in the hands 
of Tomoe, the head chemist to the Norwegian North Atlantic 
Expedition. He determines what I had come to designate as the 
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alkalinity of a sea-water by simply titrating it in the heat with 
very dilute standard acid — using a corresponding standard caustic 
alkali as an auxiliary re-agent, and aurine as an indicator. The 
simplicity and obviousness of Tomoe's method are, of course, addi- 
tional merits. As soon as I became acquainted with his method, 
I at once tested it by means of standard substances, and, finding 
it exact and reliable, applied it to 154 of my Challenger ocean- 
water samples. The alkalinity within this set, and consequently 
in ocean-water generally, turned out a variable quantity. Like 
Tornoe, I expressed the alkalinity numerically by stating the 
number of milligrams of carbonic acid, COo, which would convert 
the surplus base into normal carbonate, and referred it to one litre 
of sea- water analysed. But this involves the result with the 
variable element of salinity. I, therefore, in my report, ultimately 
came to refer, not to a constant quantity of sea- water, but to 100 
parts by weight of total salts, or (what according to my analyses is 
the same) to 55*42 parts of halogen counted as chlorine. Hence, 
assuming, as we may, that the surplus base is present as normal 
carbonate, associated with more or less extra carbonic acid — i.e., 
as R^O,COo + X COg — the statement that the alkalinity = '154 
with me means, that the respective water, per 100 parts of total 
salts, contains 0*154 parts of COg as normal carbonate, or rather 
in the R"0,C02 part of the carbonate, as formulated. In the 
discussion of the results I arranged the waters in three classes — 
namely : — 

(1) Surface Waters (sit venia verbo as I mean waters from 
less depth than 100 fathoms.) 

(2) Bottom Waters (mostly from very considerable depths). 

(3) Waters, not bottom waters, from depths greater than 100 
fathoms. 

Excluding a few obviously abnormal cases, which left 130 
cases for discussion, I found the alkalinity to range from 0*140 
to 0'164, with an obvious tendency towards high results in 
the bottom waters. This observation caused me to represent 
graphically, in a system of rectangular co-ordinates, the relative 
frequency of the occurrence of certain narrow ranges of alkalinity 
in surface waters and bottom watei's respectively. On the 
diagram, Plate III., my curves are reproduced, and from them 
we see that the most frequently occurring value is — 

For bottom waters, 0*152 ± 003. 
For surface „ 0*146 ± 0*003. 



f^tx-'i-d^m- ,'fMu!,>s.SihiaiI Sonth/ofCl^il^KlSi-f^. fialcJS. Valjfl. 



Alkalinity, i.e. COz' equivalent of the Surplus Bksi:. 
PER 100 OF Solids or 55-U of Chlorine. 




eOisgram represents the ralativefraquBncy of the occurrBnce of given ranges of Minlinitf in 
-face WaLers.andin bottom Waura,respectively. The abscissae give the alkalinities;iM-nrJ)utB3 
relative frequency of Uieir occurrence. The (hick line refere to Surface Haters; tha'Ui'n tuia 
BoUom waters, p^^ 

Surface Wivters the Vt^LUE I46t-002 

Bottom Watebs theVulue 152^-002 

Ma> be put da«n as the most frequently occurring Value. 
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In fifteen cases I was in a position to compare the alkalinity of 
a surface water with that of the bottom water at the same 
station. In three cases the difierence was very slightly in favour 
of the surface water. In the remaining twelve cases it was in 
favour of the bottom water, the numerical value ranging from 
0-002 to 0-019. 

These alkalinity determinations were carried out long after the 
i*esults of my 77 complete analyses had been subjected to an 
elaborate discussion. This discussion turned chiefly upon the 
fact brought out, that although the quantities of chlorine, 
sulphuric acid, etc., found in 100 parts of total salts were, aa 
already stated, very nearly constant, the differences in not a 
few cases went decidedly beyond the probable limits of the errors 
of the analyses. An attempt to trace a relation between the 
percentages on the one hand, and the geographical position of the 
place of collection on the other, led to no result I then arranged 
the 77 waters into two divisions, comprising those waters 
which came from depths less than 1,000 fathoms, and those 
which came from depths greater than 1,000 fathoms respectively. 
Taking up one component after another, I discussed in each case 
the individual deviations from the respective mean, or the general 
mean, in the light of the law of frequency of errors, and thus, at 
last, landed at one positive result, — the quantities of lime, as a 
matter of probability, were greater in deep-sea than in shallow 
waters. Unfortunately, however, the quantities of lime reported 
in my analyses were the least reliable of all the several numbers, 
partly through an error of judgment which I had committed in 
planning my method of analysis, and which it was impossible at 
the time to rectify. As an apology for what I should have preferred 
to do, I utilized a series of mixtures of Challenger waters which I 
had prepared before for solving a similar question to the one in 
hand in regard to the bromine. The mixtures referred to were 
as follows : — 

"S," consisting of 64 waters, from depths ranging from 
to 50 fathoms. 

" M," consisting of 70 waters from depths of 300 to 1,000 
fathoms. 

''D," consisting of 70 waters from depths greater than 
1500 fathoms. 
In addition to these mixtures, I had procured a surface water from 
near Port Loms, in Arran, and I analysed it likewise. 
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In each of the four waters the chlorine had already been 
determined with high precision. In addition thereto I deter- 
mined in each the proportion of lime by a set of four analyseB, 
all carried out on Iei large scale and in the most refined manner. 
The results are given in the following table : — 

RELATIVE QUANTITIES OF UME IN CERTAIN MIXTURES OP 

CHALLENGER WATERS. 



Water. 




LiMK. 




Depth. 


Lime, CaO, 

per 100 of Chlorine 

(mean resalt). 


Probable Error 
of Mean. 


Mixture S. 
„ M. 
„ D. 

(Arran) 




OtoSO 

300 to 1000 

1500 or more. 




3-0175=8 
30300=m 
30308= d 
3 0278 


00012 


,... 


0-0014 
0-0011 




0*0029 



m-8 = 00124=4-8 ) times the probable 
d -8 = 00132=5-8 S error. 

But the probability of an actual error being 5 times, the probable 
error is about 0*0007 of certainty ; hence, even disregarding the 
improbability of the tacit assumption that the sign of the error is 
the same as that found to prevail, the probability is 9,993 against 7 
that the lime per 100 of chlorine is higher in deep-sea than in 
shallow waters — through the operation of natural catcses. This 
result is quite in accordance with the one deduced from the 
alkalinity-determinations. One of the natural causes is not diffi- 
cult to find. The numberless crustaceans in the sea all live near 
the surface. After their death their shells sink to the bottom, 
and gradually dissolve in the water there; and this, of course, must 
lead to the result brought out by the analyses. Assume that the 
surplus alkalinity found in bottom waters as compared with 
shallow waters is owing to a surplus of carbonate of lime in 
the former, and our value d - s is confirmed with a surprising 
(but no doubt accidental) degree of closeness by the corres- 
ponding difierence found for the alkalinity. While I was 
discussing the results of my 77 analyses, it struck me that, 
if the composition of sea-water salts is subject to natural varia- 
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Hon, this should show itself most forcibly in the case of 
iodine, because this element, while present in only very 
minute quantities, is taken up preferably to chlorine by 
marine planta I accordingly made a few attempts to work 
out a method for its precise determination, but did not succeed. 
All I can say is, that Kottstorffer's determinations, according to 
which the iodine in the water of the Adriatic amounts to about 
one-fifty millionth of the water analysed, does not seem to be far 
off the mark. With the small samples which I had I could not 
have hoped to obtain anything worth booking ; I therefore turned 
my attention to the bromine, which, for the same reasons as iodine, 
ought to be variable, though presumably in a less degree. The 
proportion of bromine present in sea-water salts had been deter- 
mined before by others, but with ill-agreeing results. Thus, for 
instance, referring to 100 parts of total salts — 

C. Schmidt in 1877 found ... ... 0*14 parts. 

Thorpe and Morton in 1870 found ... 0-18 „ 

Von Bibra in 1851 found ... ... 1*0 „ 

J. Hunter in 1869 found about ... 1*0 „ 

parts of bromine. 

The natural variation in the ratio could not possibly amount to 
as much as that between, for instance, Thorpe and Morton on the 
one hand and Hunter on the other ; and so, I had an additional 
reason for trying to determine the true value in at least a selec- 
tion of my samples ; and my first step naturally was to work out 
a reliable method by synthetical experiments. In regard to these, 
however, I must refer to my Memoir. I deem it sufficient, on 
the present occasion, to record my final results for the quantities 
of bromine present per 100 of chloiine in those Challenger water 
mixtures and the Arran water which I have already referred to 
in connection with the supplementaiy determinations of lime, and 
which, in fact, had been procured primarily for the bromine 
research. I found parts of bromine per 100 of halogen calculated 
as chlorine in water — 

S. M. D. Arran. 

0-3394 0-3414 0*3398 03403 

To.* = ±0-0010 ±00009 ±00007 ±0-0006 

Deviations from the general mean, which is 3402 

—0-0008 +0-0012 —0-0004 +00001 



r^,. means the probable error of the respective mean. 
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The deviations, as we see, do not (practically) exceed the probable 
errors of the several mean results. This result surprised me, the 
more so as the Arran sample had been collected at a place where 
there is abundance of sea-weeds. 

With the results of the supplementary lime-determinations and 
those of the alkalinity and bromine researches before me I was able, 
for the original mean results of my 77 analyses, to substitute a 
more exact and complete statement of the average composition of 
ocean-water salts. It is this final statement which I reproduced 
on the above table. As already stated, the several numbers 
may be taken as being substan^tially the same for all parts of 
the ocean, apart from slight fluctuations in the lime and " car- 
bonic acid," or rather that part of the carbonic acid which is 
present in the normal carbonate. 

Very appreciably variable, on the other hand, is the ratio in 
a given water between the total salts and the whole; the 
"salinity" or degree of concentration, in other words. Oceano- 
graphically speaking, the salinity is a function of geographic 
position, depth, and time; and the formulation of this function 
is, of course, one of the most important aims of the science. 
Imagine a three-dimensional map which, for a given time, gave 
the boundary surfaces of the veins and oases of equal salinity, 
and the definition of the courses of the ocean-currents would 
almost follow. Hence Mr. Buchanan rightly made it a point, 
during the voyage, to determine the salinities in several thousands 
of samples collected from a great variety of depths and geographic 
positions. The method he used was the same as had been 
employed by all his predecessors. He determined the specific 
gravity of the given water at the most convenient temperatui-e 
and then reduced it to a predetermined standard temperature 
(Buchanan chose 60** Fah.) to obtain a number, which, it is true, 
does not strictly measure the salinity, but defines it, just so as the 
reading of a thermometer defines the temperature. My connec- 
tion with this part of his work is but slight. Being in possession 
of several hundred of the sea-waters which Mr. Buchanan had 
used in his specific gravity determinations, I thought I must not 
let this opportunity pass for determining, as far as possible, the 
degi-ee of uncertainty which attaches to his numbers. I accord- 
ingly determined, in all my samples, the proportion of chlorine 
(or rather of total halogen counted as chlorine) with the highest 
precision ; with the view primarily of reducing my chlorine values 
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to specific gravity at 60° Fah. and comparing the results with 
Buchanan's. But the literature on the subject barely afforded a 
sufficient basis for these calculations; besides, I did not care to 
entirely rely for these on other people's work, and accordingly 
carried out an extensive series of deteiminations of specific gravi- 
ties of analysed waters at different temperatures, to find out the 
mathematical relation between temperature and chlorine per 1,000 
of water x on the one hand and specific gravity on the other. 
I succeeded in summing up all my results in the one formula — 

A-4Wj = x(a + bt + ct=). 

Where 48^ denotes the specific gravity of sea-water and ^^ that of 

pure water at t®, both referred to pure water at + 4® C as = 1000, 

while a, b, and c are constants, whose numencal values are as 

follows : — 

a= 1-45993. 

b= -0-0055922. 

c= 00000649. 

The equation in ordinary parlance says that the per-millage of 
chlorine in an ocean water, at a given temperature, is proportional 
to the excess in its specific gi'avity over that of pure water at the 
same temperature; the value of the factor which converts the 
one into the other depending on the temperature as shown by the 
bracketed expression on the right side. My Memoir contains a 
number of tables calculated from this formula for oceanographic 
purposes. A special table calculated from it at the Cliallenger 
office served for the final reduction of Buchanan's numbers, and I 
myself utilized it for calculating the per-millages of chlorine, in 
the waters analysed for CI, from Buchanan's specific gravities 484 
at the temperature of observation, and comparing the resulting 
numbers with those found directly in my laboratory by means of 
nitrate of silver. Some of my samples could not be identified 
with perfect certainty with any of those in Buchanan's list, so that 
only 315 couples of values — out of an originally larger number — 
remained for the ultimate discussion, the result of which was that 
the probable error in any one of Mr. Buchanan's directly-deter- 
mined specific gravities is only ± 0-06, pure water = 1000. A 
very high degree of precision, considering that Buchanan worked 
on board a ship, not on terra firma. In regard to the oceanographic 
significance of Buchanan's numbers, I must refer to his share of 
the physics and chemistry volume, which, in addition to a complete 
table of the results, gives a series of graphic representations of 
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salinity for certain areas of the surface, and sections of different 
parts of the interior, of the ocean.* I propose now to pass on to 

The Atmospheric Components of tJie Ocean. 

As a matter of physical necessity the gases of the atmosphere 
must be present in the ocean, and be presumed, in general, to 
pei-vade it to its greatest depths ; and although their relative 
weight amounts to very little, they are as important components 
as any of the salts, because without them the myriads of living 
oi^anisms which we meet with in the ocean everywhere (except 
at its very deepest depths) could not cany on their existence. 
Hence, on biological grounds alone should we try to obtain as com- 
plete and accurate a knowledge of the distribution of these atmos- 
pheric components, even if chemical oceanography did not demand 
such investigations on her own account. 

It is hardly necessary for me to state that when Mr. Buchanan 
planned his work for the voyage, the extraction and analysis of 
the gases from numerous representative samples of sea-water had 
a prominent place assigned to it on his programme. A very 
excellent piece of similar work had been^one and published, before 
the Challenger sailed, by Oskar Jacobsen, while engaged as 
chemist to the German North Sea Expedition. Mr. Buchanan, 
very wisely, followed Jacobsen's footsteps in two senses : he adopted 
his apparatus for the extraction of the gases, and, instead of 
attempting the analysis of the gases on board the ship (as had 
been done by certain of his predecessors with most deplorable 
results) like Jacobsen only sealed them up in glass tubes to pre- 
serve them for subsequent analysis in a laboratory on terra Jirma, 

Jacobsen's apparatus, as shown on Plate I., consists of a 
flask (of known capacity) provided with a well-fitting, once-per- 
forated soft india-rubber stopper, which serves as an air-tight 
joint for the attaching of the gas bulbs, /and g. The stem of the 
lower pear-shaped bulb, /, is closed below, but has a little aper- 
ture at its side, so that by assigning to it the proper position 
within the india-rubber stopper, we can, at will, separate flask 
and bulbs hermetically, or allow them to communicate with each 
other. 



• A fuller interpretation than in the volume referred to will be found in 
the narrative of the Expedition which, aa I am informed, is now passing 
through the press. (Added while revising the proofs). — W.D. 
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The flask is charged with the sea-water to be analysed, which 
latter is run in by a wide tube going to the bottom of the flask; a 
considerable quantity of the sea-water, at the end, is allowed to 
run over and go to waste, so that only that portion which has 
been least in contact with the outer air remains inside. As soon 
as the flask is full, the india-rubber stopper is inserted and the 
pear-shaped bulb charged with a little pure water. The stem of 
this latter bulb is now pressed into the perforation so that the 
little side-hole is about the middle of the stopper. The next step 
is to heat the water in the bulb to boiling and keep up the ebulli- 
tion until all the air can be presumed to be expelled, when the 
outlet end, t, of the bulbs is closed, flrst by a clip applied to the 
india-rubber tube and then more securely by sealing up the tubular 
end of the bulb itsel£ The stem of bulb, /, then is pressed down 
further, so that the bulbs communicate with the sea water in the 
flask. Everything is ready now for the expulsion of the gases, 
which is effected by boiling the water in the flask by means of a 
flame or hot-water bath and keeping it boiling for about two hours, 
when the dissolved oxygen and nitrogen can be assumed to be ex- 
pelled from the sea water. As the bulbs were vacuous on starting, 
and are large enough to hold two or three times as much gas 
at one atmosphere's pressure than goes into them, the pressure 
within the apparatus remains far below one atmosphere even at 
the end, so that there is no fear of the flask bursting, although 
it takes one an effort, when he tries the experiment for the first 
time, not to expect such a consummation. With some practice, it 
is easy, at the end, to almost fill the lower bulb with liquid hot 
water and drive the little remnant of gas into the upper bulb by 
means of steam, so that, if now the india-rubber tube between the 
two be promptly clipped, all the gas is in the upper bulb, which, 
of course, is then taken off and sealed up without delay. 

Mr. Buchanan in this manner prepared a large number of sea- 
water air samples. Some of these he analysed himself. The 
majority, however, passed into my hands; and my report includes 
all the results — both Buchanan's and mine. In regard to the 
methods of analysis which we respectively employed, and many 
other points, I refer to my Memoir; but I must not omit to state 
that in order to be able to interpret the results I carried out a 
long series of experiments on the absorption of oxygen and 
nitrogen from air by pure water and sea-water respectively. My 
results with pure water have no direct bearing on our subject, and 
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must, therefore, here be passed over; but even in regard to those 
with sea-water, I must confine myself to giving in the following 
table an extract from my results: — 

One litre [1000 volumes] of Ocean Water when saturated with 
constantly renewed air at C, and a pressure of 760 millimeires,* 
plus tension of steam at fC, takes up the following volumes, 
measured dry at O^C and 760 millimetres* pressure, of the pure 
gases. 



Temp. 
Centigr. 


Dissolved Nitrogen and Oxygen in 
Centimetres [volumes]. 


Cubic 


Oxygen in 
Dissolved Gas. 


0' 




Nitrogen. 
15-60 


Oxygen. 
8-18 




34-40 


5' 




13-86 


7-22 




34-24 


10' 




12-47 


6-45 




34-09 


15' 




11-34 


5-83 




33-93 


20' 




10-41 


5-31 




33-78 


25' 




9-62 


4-87 




33-62 


30' 




8-94 


4-50 




33-47 


35' 




8-36 


4-17 




33-31 



It is perhaps as well for me to state that the method which 
I used for obtaining these numbers adapted itself closely to 
the one which Buchanan had employed for extracting the gas 
samples. A large enough volume of an artificial sea-water was 
shaken at a rigorously constant temperature with carbonic acid 
free air for hours; the gas solution then transferred to a Jacobsen 
flask, and the gases extracted by boiling in vacuo; only the vacuum 
was produced by means of mercurial air-pump, which sucked off" 
every instalment of gas as quickly as it was liberated, and trans- 
ferred it to an eudiometer over mercury; volatilisation of water 
with the gas being prevented as far as possible by the interposi- 
tion of an inverted condenser between flask and pump. 

In the calculations it was assumed that atmospheric air con- 
tains 21-0 volumes of oxygen for 79*0 volumes of nitrogen, the 
slight variability in this ratio, which is known to occasionally 
present itself, being neglected. 

From my table we can calculate approximately the limits 
between which the proportions of dissolved oxygen and nitrogen 
in the water of the ocean must be presumed to oscillate in nature. 



* Theoretically any number may be substituted foi 7()0 ; for calculating 
purposes read ** 1 millimetre." 
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The pressure of the atmosphere at the searlevel, though by no 
means constant^ is never far removed from that of 760 Mm. of 
mercury. The temperature in the surface water of the sea (apart 
from rare exceptions) may be said to vary from 0* C. (in the liquid 
part of the ocean in the Arctic and Antarctic regions) to 30* C. (in 
the tropics). The ocean receives all its dissolved oxygen and 
nitrogen from the surface ; neither gas comes in from below, apart 
perhaps from a relatively insignificant quantity of nitrogen derived 
from the decay of dead organisms, which, however, may safely be 
neglected. Hence, we should say, the ocean can contain nowhere 
more than 15*6*** of nitrogen, or more than 8*1 8**- of oxygen per 
litre, and the nitrogen will never fall below 8*55°*. We cannot 
make a similar assertion in regard to the oxygen, because its 
theoretical minimum of 4 'SO**- per litre is liable to further diminu- 
tion by processes of life and putrefaction and processes of oxida- 
tion generally. 

At any point in the surface of the ocean the water constantly 
tends to assume the composition demanded for the prevailing 
temperature by the laws of gas-absorption. But it is rarely pos- 
sible for it to assume this composition ; because the water, being 
in a continual state of motion, flows from one set of conditions 
into others. And supposing even a certain area of the ocean 
surface were in a state of stagnation, the temperature would vary 
in diurnal cycles, and even the calculated volume of nitrogen per 
litre would be a periodic function of time, exhibiting its maximum 
at the hour of minimum temperature and vice versa. The process 
of absorptiometric exchange, however, even at the constantly 
oscillating surface of the ocean, is a thing of slow process : it 
could not keep pace with the change of temperature, and the 
actual nitrogen curve would never go as high up or as low down 
as the theoretical one. In addition to this, the lower strata of 
the water will constantly add to, or take away from, the surface 
nitrogen by diiSusion and occasional intermixture. All this holds 
for the oxygen likewise, except that the latter is liable to constant 
diminution by processes of oxidation. On the whole, however, 
we may assume that all the disturbing influences will only modify, 
but not eflace, the course of events as prescribed by the law of 
gas-absorption. 

In regard to non-surface water we have to confront a greater 
complexity of phenomena. The gas-contents of a deep-sea water, 
of course, have nothing to do with the, in general, low tempera- 
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tiire and the high pressure prevailing there. For the purpose of 
a preliminary survey, let us imagine a deep-sea water which was 
formed from one kind of surface water, which took up its air at a 
constant temperature (t)y and then sank down unmixed with other 
waters. The volumes of the oxygen and nitrogen per litre at first 
have the values assigned to them by the law of gas-absorption. 
But while the nitrogen (as long as the water remains unmixed 
with other different water) remains constant, the oxygen will 
become less and less through the processes of oxidation which 
go on in the deep without compensation. Hence, if there were 
absolute stagnation in the ocean anywhere the proportion of 
oxygen there might be reduced ultimately to nothing. Among 
the many deep-sea waters which were analysed for their gas con- 
tents we found none which were quite free from absorbed oxygen, 
which confirms our conviction that absolute stagnation nowhere 
exists in the ocean, not even at its greatest depth. Occasionally, 
however, the oxygen was found to have sunk down to very little, 
as shown by the following two examples : — 



No. of the 


C.C. per Litre of 


Og calculated 


Depth. 


Water. 


N, 0, 


from the Nitrogen. 


Fathoms. 


1001 


15-08 0-6 


8-21 


2875 


1645 


13-38 204 


6-95 


1500 



There must have been an approximation to absolute rest at these 
two places at anyi*ate. 

On the whole, the results of our gas analyses, as interpreted on 
the basis of my absorptiometric determinations, agreed fairly well 
with the inferences which we have just been deducing from physical 
laws. 

There was no lack of anomalous results, but I did not succeed 
in tracing them to natural causes. I suspect that some of the 
anomalies must be referred back to the difficulty of exhaustively 
extracting all the gas from a water by Jacobsen's method. Occa- 
sionally also, in the working of this method, air may have leaked 
into the tube intended to receive only the water gases. Even in 
a laboratory on shore such accidents will happen and not be 
noticed ; in a ship's laboratory they are more likely to occur, even 
with the best manipulator. Sometimes also the bottle used on 
board the Challenger ior collecting deep-sea waters may have brought 
up a water from a depth different from that intended. 

In the ocean the equilibrium in regard to the absorbed nitrogen 
and oxygen is maintained by the atmosphere ; and from the &ct 
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that the air contained in surface water is always richer in oxygen 
than atmospheric air, one naturally concludes that the ocean 
should constantly add to the percentage of oxygen in the air in the 
tropics and constantly diminish it in the colder latitudes. Beg- 
nault's numerous air analyses do not confirm this. At this we 
need not wonder, since, as we shall see, even the corresponding 
influence on the atmospheric carbonic acid has so far defied the 
powers of chemical analysis. 



On the Carbonic Acid in Sea-water. 

From the oceanic oxygen and nitrogen, let us now pass to the 
carbonic acid, which constantly accompanies them in both the 
atmosphere and the ocean. The number of sea-water air samples 
which Mr. Buchanan and I analysed amounted to 164; 69 came 
from the surface, and 95 came from depths varying from 5 
fathoms to 4,575 fathoms. They all contained carbonic acid, 
and those derived from deep-sea waters were found to be parti- 
cularly rich in this component. But, in all cases, the quantity of 
COj per litre of sea-water analysed amounted to very little. I 
have collected a few cases where both the volume of gas extracted 
from a litre of water and the percentage of OOo in the gas assumed 
exceptionally high values. They are enumerated in the following 
table, in which D means the depth of the ocean at the respective 
place; while S stands for the depth from which the sample was 
taken : — 

C. C. 8 of CO* measured at 0<» 
and 760 Mm., per Utre. 

11 -ace. 
11 "Sec. 
13'5c.c. 
14-3C.C. 
15*8c.c. 

The highest value, as we see, is 15 -Sec, which is only 1/1 13th of 
the volume which 1 litre of pure water would take up under 760 Mm. 
pressure from an atmosphere of the pure gas. But, supposing that 
water 1096 contained free carbonic acid, its surplus base must 
have been present as bicarbonate, which is decomposed when its 
solution is boiled ; hence, part of the 15 -Sec. of COj, say one-half, 
which would amount to 8a c, or 16 milligrams, must be credited to 
the carbonate. But the average alkalinity of sea-water, according 



No. of Water. 


D. 1 5 


1009 


2875 2850 


1024 


2225 


771 


2325 


974 


3125 


1096 


2900 
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to my determinations, amounts to 55 milligrams per litre, corres- 
ponding to twice 5.5 = 110 milligrams of carbonic acid present as 
bicarbonate, which is about 3'i times the quantity of CO, found 
or 7 times the quantity of free COj which the water probably 
contained as such. In all other cases the proportion of CO, 
found was less, genei'ally considerahly less. Hence, from our 
sea-water air analyses alone we may conclude that, if sea-water 
anywhere contains free carbonic acid at all, it amounts to little 
in comparison even with the combined carbonic acid of the 
carbonates. 

This is the very reverse of what chemists used to believe at the 
time when the Challenger sailed ; although Von Bibra, as early as 
18;")!, had shown that sea- water is distinctly alkaline to test 
papers. This observation of Bibra's had, somehow, been forgotten, 
and although nobody would have denied the presence of carbonates 
in sea-water — how else could one account for the existence of the 
crustaceans and foraminif era ? — Chemists had drifted into the 
notion that these carbonates amounted to only an insignificant 
trace. Special experiments for the determination of carbonic 
acid in sea-wutcr would, perhaps, never have been undertaken, if 
,Jacobs(Mi hud not made the interesting discovery that, although 
the (.'O.J which goes out when a sea- water is being boiled in vacuo 
for the extraction of its nitrogen and oxygen amounts to very 
little, a far larger quantity comes forth when the water is being 
distilled to near dryness. Upon this observation he founded a 
ni(»thod for the determination of this component : he carries out 
such distillation with a known volume of the water and deter- 
mines the carbonic acid in the distillate by Pettenkofer's method 
(absorption in standard baiyta and titrimetric determination 
of the excjess of reagent by standard acid). 

Jacobs(Mi, in speculating on the possible causes of the fixedness 
of the carbonic acid in sea- water, came to the conclusion that 
this gas was present in the water in a state of chemical combination 
with the chloride of magnesium; but the compound was so unstable 
as to bo decomposed l)y mere distillation under ordinary pressure. 
That the fixed carbonic acid is present as carbonate which in 
the distillation process is being liberated by a gradually progress- 
ing decomposition of the magnesium chloride into magnesia and free 
muriatic acid, I am sure even Jacobsen himself would have 
admitted to be a far more plausible hypothesis, but this hypothesis 
failed to turn up in his mind. 
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Mr. Buchanan subsequently, while preparing for the expedition, 
enquired into the matter experimentally, and came to the con- 
clusion that it is not the chloride of magnesium, but the sulphate 
of this metal, and the sea-water sulphates generally, which deprive 
the carbonic acid of its volatility. U|)on this result he founded a 
modification of Jacobsen's method of analysis, which simply consists 
in this, that the water, before being distilled, is mixed with enough 
of chloride of barium to decompose all the sulphates and make 
them into chlorides. During the voyage of the Challenger, Mr. 
Buchanan applied his method to a large number of freshly 
drawn sea- water samples from a variety of depths and places. His 
tabular statement of results, which is incorporated with my 
memoir, reports on 195 such analyses. In collecting his results 
Mr. Buchanan could not help observing and being struck by 
the fact that, while with him the carbonic acid per litre of water 
generally ranged from about 40 to 50 milligrams, Jacobsen, in his 
analyses of North Sea water, had always obtained about double 
as much. In a memoir on his carbonic acid work, which he 
publiiihed shortly after his return home, Mr. Buchanan points out 
this contrast, but interprets it as showing that North Sea water 
as a matter of fact is far richer in carboinc acid than that of the 
large open oceans. 

When I, some years ago, was caused by the late Sir Wyville 
Thomson to take the subject in hand, one of my duties naturally 
was, firstly, to inquire experimentally into the rationale of 
Buchanan's analytical method, in oixier to obtain a basis for the 
interpretation of his results; and, secondly, to ascertain to what 
extent a sea-water sample may be presumed to retain its original 
contents in carbonic acid while being preserved in a bottle for years, 
I.e., to see whether it was expedient for me to add to Buchanan's 
work by analyses of the sea- water samples in my possession. My 
results maybe shortly summarised as follows: — 

In regard to Question /. — ^The alleged aflinity between sulphates 
and carbonic acid has no existence. The carbonic acid in a sea- 
water is present, substantially, as wholly or partially saturated 
bicarbonate — i.e., as RjOjCOj -i- x COj. In Buchanan's process 
the chloride of barium acts upon the normal carbonate in the 
bicarbonate, and converts its COg into carbonate of baryta; the 
loosely combined part (the x CO^ of the formula) goes away into 
the distillate, and it is this part only which the method deter- 
mines. If this were so exactly, Buchanan's method, though based 

Vol. XVI. s 
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upon erroneous premises, would be a decided hit, because it is just 
that part of the carbonic acid which we chiefly care for; but, 
unfortunately, the carbonate in a sea- water is after all only a small 
fraction of the whole, and carbonate of baryta is by no means 
absolutely insoluble. Hence, in reality, the reaction is far more 
complex than we just represented it to be, and as a consequence 
the results, even with the same water, are not as constant as one 
would wish them to be. Their general tendency is an imder- 
estimation of the really present loose carbonic acid. 

In regard to Question IL I can be very brief, although the 
respective experiments took away a good deal of my time. 
Starting with an ai*tiflcial sea- water, which contained an exactly 
known weight of surplus base, and an exactly known weight of 
carbonic acid combined therewith as, approximately, bicarbonate, 
I, so to say, washed a known volume of the water a definite 
number of times with say five times its volume of air (fresh air 
being used for each wash), and determined the carbonic acid in 
the residue. With each water I made a series of such experi- 
ments, in which the number of washes passing from one trial to 
the next was made to increase. The result was that the 
« bicarbonate lost carbonic acid largely, and the loss in my 
experiments did not reach a definite limit. 

That there is a limit stands to reason. Nobody would expect 
a solution of normal carbonate such as CaOjCOj to give up car- 
bonic acid to cold air ; but I had no time to ascertain the limit, nor 
any occasion at the time; it was sufficient for me to have established 
the fact that my samples of sea-water, Which had passed through 
a number of summers, and, by occasional use, often came into con- 
tact with the air, were not fit then to be analysed for carbonic acid. 
But, out of curiosity, I did analyse 13 of my samples, and by 
combining the results with the alkalinities, which were determined 
likewise, arrived at the surprising result that five out of these 
thirteen still contained their siu'plus base in the form of fully- 
saturated bicarbonate. For the investigation just referred to I 
had to contrive a reliable method for the determination of the total 
carbonic acid in a sea-water, or rather a convenient and reliable 
apparatus, because the problem of extracting exhaustively a small 
weight of carbonic acid from a large weight of water is more a 
case of chemical engineering than of chemistry proper. My appa- 
ratus is represented on Plate II. It consists of three parts — 
namely, a flask of l^ litres capacity, surmounted by an inverted 
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condenser, for decomposing the carbonate in the water bj the small 
proportion of acid needed for the purpose ; a perspirator, supplying 
pure air ; and a large flask, which can be exhausted, and is sure 
to keep the vacuum. This flask is charged with more than enough 
of standard baryta water to absorb the carbonic acid expected to be 
produced, and it is then exhausted, and connected with the outlet end 
of the inverted condenser. The measured sea-water (we generally 
now use a whole litre) is introduced into the flask, and then mixed 
with a sufliciency of hydrochloric acid, which never liberates carbonic 
acid visibly. The connection between flask and perspirator is then 
established, the flask heated, and the stop-cock at the baryta flask 
so adjusted, that a moderate current of air passes through the hot 
liquid, and conveys the liberated carbonic acid to the baryta. The 
rest hardly requires any explanation. I may assume it to be under- 
stood that the excess of baryta left uncombined with carbonic acid is 
being determined titrimetrically in Pettenkof er's manner. The great 
advantage of the evacuated flask obviously is that no carbonic acid 
can escape, and that the bulk of the surplus baryta can be neutralized 
by standard acid before the contents are poured out, and have a 
chance of getting contaminated by atmospheric carbonic acid. A 
great feature in the apparatus is the inverted condenser, which 
always turns the volatilized water and every trace of hydrochloric 
acid back into the decomposition flask ; and I am sorry to have to 
confess that this part of the apparatus is not mine, but borrowed 
from Tomoe, who in his turn obtained it from Classen. 

Mr. Buchanan's numerous carbonic acid determinations, though 
not as exact as they would no doubt be if he had been in 
possession of our present knowledge, are, nevertheless, most 
meritorious and very valuable, being all executed, no doubt, with 
great care and in an absolutely uniform manner. I therefore 
took considerable pains to try and bring them to speak oceano- 
graphically. What I succeeded in questioning out of them may 
be thus summarised : — 

1st. Free carbonic acid in ocean-water is the exception. 

2nd. In surface waters the proportion of carbonic acid increases 
when the temperature falls, and vice versa, 

3rd. Within equal ranges of temperature it seems to be lower 
in the surfieu^ water of the Pacific than it is in that of the 
Atlantic Ocean. 

Free carbonic acid, then, is hardly ever met with, but it does 
turn up occasionally. Out of the 195 waters analysed by Mr. 
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Buchanan, 22 contained their surplus base as, at leasty fully 
saturated bicarbonate. One of them, although a surface water 
from a point where the temperature at the time was 25° -IC, 
contained as much as 41 milligrams of free carbonic acid per 
litre ! 

According to my calculation, the total weight of potential 
carbonate of lime in the ocean amounts to 160 billion tons, equal to 
70 such units of carbonic acid ; but as the carbonic acid is present 
as partially saturated bicarbonate, it must be put down at something 
between 70 and 140; the mean of the two extremes, which is 
105 billion tons, may be accepted as a rough approximation at 
least. Where did this enormous mass of carbonic acid come from 1 
Part no doubt came from the atmosphere ; another part must be 
traced back to the processes of respiration and decay going on con- 
stantly in the ocean. The atmospheric part must of course be 
understood to include the large amounts of carbonate of lime and 
magnesia introduced by the rivers. But all these supplies, I feel 
convinced, amount to next to nothing compared with the principal 
source, namely, the carbonic acid generated by volcanic action 
going on beneath the bed of the ocean. Innumerable carbonic 
acid springs exist, as we know, on dry land, quite apart from the 
regular volcanoes; and it is, I believe, now generally admitted that 
this land volcanic carbonic acid amounts to far more than all that 
which is generated within the atmosphere by processes of animal 
respiration, combustion, or decay. But if this is true, it must 
hold a fortiori for the ocean, whose area is about 2-8 times that of 
the dry land of the globe. That we do not see any carbonic acid 
springs shoot up in the ocean in the ApoUinaris-water fashion 
proves only that the springs do not happen to occur in shallow 
water; and this again is natui-al enough, because the shallow 
places in the ocean are decidedly in the minority. A pressure of 
270 fathoms of sea-water suffices at ordinary temperatures to 
reduce carbonic acid to the state of a liquid ; hence at average 
ocean depths any carbonic acid that issues from the bed has no 
chance of ever becoming a "spiing" at all : it will assume the 
form of a rather dense liquid, which only gradually diffuses, or is 
washed away, into the surrounding masses of water. 

The colossal mass of the ocean must account for the fact that its 
surplus base, on an average, is still considerably short of the state 
of bicarbonate ; and perhaps we are safe in adding that we have to 
thank this cii-cumstance for not having long ago been suffocated 
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by an unbearable accumulation of carbonic acid in the air we 
breathe. 

I do not deny that from certain areas of the surface the ocean 
carbonic acid goes out into the atmosphere. My own experiments 
show that bicarbonates contained in sea-water dissociate very 
largely at least at summer temperatures. 

It is interesting and important to form a picture of the carbonic 
acid interchange which is going on between air and ocean all over 
the latter, but to be able to do so we need a precise knowledge of 
the dissacicUion'teJision of sea-water carbonates of different stages 
of saturation at, in each case, a series of temperatures. As I have 
used that technical term, I will explain it in a manner w^hich, 
at the same time, shows how I have attempted to solve the 
problem. 

Imagine, say, one litre of a sea- water, which contains its surplus 
base in the form of fully-saturated bicarbonate, to be placed in a 
bottle holding, say, five litres, the empty space of four litres being 
taken up by carbonic acid free air. As sea-water bicarbonate is 
unstable, even at ordinary temperatures, carbonic acid will in general 
be emitted by the solution at a constant rate in regai*d to time; but 
as soon as any carbonic acid has got diffused throughout the air of 
our bottle, this air will return carbonic acid molecules to the liquid 
at a constantly-increasing rate, and so a point will be reached sooner 
or later when the loss and gain on each of the two sides compensate 
each other, as if the process had came to a dead stop. This 
point of dynamic equilibrium, which is reached very quickly on 
violent shaking, is defined by a certain value of the partial tension 
of the carbonic acid in the air-space ; and this partial tension is 
what I call the dissociationtenaioyi of the bicarbonate at that 
temperature of t*. Supposing, now, we blow out the air by a iMtir 
of bellows, and replace it by other four litres of fresh carbonic acid 
free air and resume the shaking : another instalment of carbonic 
acid equal to the first will go out ; and so on for a long time, 
because the successive instalments of eliminated carbonic acid 
are very small. But in repeating the experiment 50, or 100, 
or 200, etc., times, we come at last to a point where the carbouate 
from its original form of E20,2C02 is reduced to a lower form, 
R50,nCOs where n is some number between 2 and 1. The 
elimination of carbonic acid will now cease, or continue at a much 
slower rate, on account of the absolute stability (or relatively 
high stability) at t' of the lower carbonate, IljO,nC02, which has 
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been produced. The coeMcient u iu our formula is the greater the 
lower the tempeititure. 

If, for purified (carbonic acid free), ordinaiy air be substituted, 
the result depends on the proportion and consequent partial tension 
of the carbonic acid present in the latter. But in uncontaminated 
natural air, according to a number of independent elaborate re- 
searches carried out by Schlosing, Thorpe, Schulze of Kostock, 
and others, the carbonic acid amounts almost invaiiably to 0*03 
per cent, by volume, corresponding to a partial tension of 00003 
of an atmosphere. Hence at a given temperature, t*", the fate of 
the dissolved carbonate in a sea-water depends on whether its 
carbonic acid tension is greater or less than, or equal to, 0*0003 
atmosphere. If this tension is equal to 0*0003 atmosphere, there 
is no change virtually, because on each side loss and gain in 
carbonic acid exactly compensate each other. If the tension is 
greater than 0*0003 atmosphere, the carbonate loses carbonic acid 
until it is reduced to a lower stage of saturation, at which the 
carbonic acid tension is equal to, or less than, 0*0003 atmosphere. 
This would mean reduction to normal carbonate 1100,1002 if there 
were nothing intermediate between it and bicarbonate Il2O,20O^>. 
If the tension of our carbonate is less than 0*0003 atmosphere, 
and the carbonate is bicarbonate to begin with (this assumption 
holds, in general, for the surface water of the polar seas where the 
temperature is close to 0° C), then, as there is nothing above 
bicarbonate, the water simply absorbs carbonic acid in the physical 
sense, until the absorbed gas amounts to 0*0003 P volumes per 
unit volume of water, where P is the coefficient of absorption at t**. 

But if the original carbonate, in its state of saturation, falls 
short of bicarbonate; if it is Ro^jH^^sj ^^^ instance, then it 
will take in carbonic acid chemically until a little of it has 
arrived at that higher stage of saturation at which the carbonic 
acid tension at t*^ is at least equal to 0*0003 atmosphere. Suppos- 
ing, for instance, at our temperature of t^ the carbonic acid 
tensions stood thus — 

For R30,liC03, • - - . nil. 
„ R30,l -75000, . - - . 00002 
„ R30,2CO„ 0*0004 

carbonic acid will be taken in until all the carbonate has come up 
to the 1*75 stage, and a little of it to the bicarbonate stage. 

In 8i(,mma : — For each temperature t° there should be a certain 
carbonate ll^.OjUoCO j,, which is proof against jmre air in this sense, 
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that the mixture R,0 + {Uq + dn)C02 gives up gas to pu7'e air ; and 
another, in general higher, carbonate R2^'^iC^2> which, iu*a 
similar sense, is proof against natural air, with its 0-03 per 
cent, of carbonic acid : n^ and n being functions of temperature. 
I have made a large number of experiments for determining 
the two relations, and in the following table give the results 
which I have obtained so far. In this table t stands for the 
temperature in centigrade degrees, "N" for the number of 
times the sea-water was " washed " with aii\ The original 
water always contained its loose base as fully saturated bicar- 
bonate, and the ratio of water to air was as one to 4*5. n^ and n 
denote the stages of saturation in the final carbonates obtained ; 
but I must leave it undecided as yet, whether the numbers Uq and 
n in the table are the ^naZ values for the respective temperatures: — 

FINAL CARBONATE WAS R^O.nCOo. 







Pure Air. 


Ordinary Air. 


t. 


N. 


IV 


111. 


2''C 


'200 


1-90 


• • • 


2' 


200 


2-04 




2' 


52 




2-06 


10' 


200 


1-70 




13' 


50 


— 


1-841 


15' 


100 


1-63 




15' 


200 


1-50 




20' 


200 


1-42 


# 


25' 


52 


1-53 




32* 


52 


1-53 




32' 


52 




1-89 


32° 


150 




1-82 



Hence, we see, that even at the highest temperature, and with 
carbonic acid free air, we never got the carbonate down below the 
state of sesquicarbonate; while with ordinary air, even at 32° C, 
it never fell below n = l-8. At 2** the n with pure as with 
ordinary air was = 2, the value characteristic of bicarbonate. 

Now, Mr. Buchanan reports a good number of cases where, 
even at lower temperatures, n was considerably less than 1*8 
at any rate; Hence, if his numbers are light, unless the atmos- 
phere acts more powerfully than the air in our bottle, it would 
appear that deep sea-water is in general below the stage of 
GO2 saturation which it could attain at the surface even at high 
temperatures. The matter, however, requires further investigation. 
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My impression is that, taking the ocean as a whole, the loose 
carbonic acid does not fall short of that corresponding to sesqui- 
carbonate. Now the total suq)lus base, according to my cal- 
culation, corresponds to 160 x 10^- tons of carbonate of lime. 
Hence, the total loose carbonic acid should amount to 160 X 0*22 X 
10'- = 35*2 X 10" tons. On the other hand, the atmosphere, 
according to Herschel, weighs 11 x 10'^ pounds, equal to 
11 X 0*4536x10'^ tons; and as the carbonic acid in it amounts 
to 1-524 X 00003 = 000457 of its weight, we have for the 

Total carbonic acid of the atmosphere a mass of 2*285 x 10'- 

tons. 

TT £ j.^ i' £ ( oceanic carbonic acid ) , 

Hence, for the ratio of { -. — -. = — -. ^ } we have 

( atmospheric carbonic acid j 

35*2 

^ nog = 15**^« That is, the ocean contains (I am inclined to 

add at least) 15 times as much loose carbonic acid as the atmos- 
phere contains of the free gas. 

There is just one more question which I should wish to touch 
upon. What becomes of the carbonate of lime, qua carbonate of 
lime, which is being introduced by the rivers 1 

Well, according to my experiments, a sea-water containing its 
surplus base as bicarbonates, when mixed with small successive 
instalments of CaOjCOo produced within it by means of equivalent 
quantities of solutions of CaClo and Na^COa, can dissolve a 
considerable quantity of such lime in addition to what it already 
contaiiLs, and retain it for a long time at the ordinary tempera- 
ture. I also find that, when such sea-water is digested with 
carbonate of magnesia, it takes up a considerable portion of it, 
and its alkalinity increases correspondingly. Digestion with 
dry carbonate of lime, on the other hand, produces a slight diminu- 
tion of alkalinity! I may also say that in the air- wash 
experiments a slight precipitate (of carbonates?) began to show 
at all temperatures whenever the carbonate \vas reduced to 
the sesqui-stage ; but it was very insignificant, and disappeared on 
standing for some days. 

On the other hand, a few of my Challenger samples, in the 
course of several years' preservation, deposited on the sides of the 
bottles a crystalline precipitate of carbonate of lime contaminated 
with only a little magnesia. These waters were found to contcdn 
less than the normal proportion of lime ; but when the crystallized 
lime was added on, the proportion rose to more than the normal 
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amount. From the experiences with those few abnormal samples, 
it seems that under certain abnormal conditions sea-water 
dissolves lime largely in addition to what it contains normally, 
and subsequently will re-deposit even more than the surplus lime 
in crystals of carbonate. 

On the whole, however, I am inclined to think that the ocean, 
taking it over all in its present condition, is ready to receive all 
that the rivers can give it of dissolved bicarbonate of lime and 
hold it in solution. 

The sum total of the carbonate of lime in the ocean, according 
to my calculation, amounts to 160 billion tons. 

In an early part of this lecture I gave an estimate of the total 
solids introduced into the ocean annually by the 13 principal rivei's. 
Assuming the carhonaU of lime introduced by all rivers to be as 
much as that mass of solids, namely, 1 '3375 x 10* tons, and we 
find that it would take 

1-3375x10* ' 

years to double the carbonate of lime of the ocean, or 1,194 
years to increase it by one per cent, of its present value ! 



At the end of my Memoir in the Challenger IlecordSy it gave nie 
pleasure to acknowledge my indebtedness to Messrs. John 
M* Arthur, Robert Lennox, Moses T. Buchanan, Thomas Barbour, 
W. G. Johnston, James B. M*Arthur, and G. A. Darling for the 
able and zealous manner in which they had supported me in my 
chemical Challenger work. To these names I must now add that 
of Mr. Robert Anderson, who has borne the burden of the tedious 
and troublesome work involved in the experiments on the dis- 
sociation of sea-water carbonates, and is still ably assisting me in 
their continuation. 
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V. — T/ie Regulation of the Supply of Water to Cities and Towns. 
By William Key, Gas Engineer, Tradeston Gas-works, 
Glasgow. 



[Read before the Society, 19th December, 1884.] 



The subject of the more economical distribution of the water 
supply to cities and towns is admitted by all those who have 
given the problem any study to be one of the very highest import- 
ance, and it has afforded many engineers the opportunity of 
cracking one of the hardest nuts they have ever encountered in 
attempting to solve the difficulties pei*taining to it. 

The Necessity for a Water Supply Regulator. 

The number of hydraulic engineers of experience who have 
made this problem a special study, and designed apparatus with 
the view of attaining by such means the object to be desired, and 
with results more or less successful, proves the general acknow- 
ledgment that some contrivance to be applied to the mains is 
necessary. 

Its Duties. 

Such an instrument to be adequate must be self-acting, and 
receive the water from the main at its inlet, under great and 
ever-vaiying pressui*es, and shall pass the water on at a reduced, 
but more uniform, pressure into the mains carrying it onwards. 

Difficulties to be overcome. 

The difficulty attending the regulation of water under heavy 
pressure in its passage along the mains, as compared with gas, is 
due chiefly to their physical differences as fluids, the gas being 
exceedingly elastic, while water is not. 
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Before I proceed to explain the design and action of the instru- 
ment, as shown by the diagram, which has been found to perform 
all the functions requisite for the perfect control and regulation of 
the flow of water, I will make a few remarks leading up to the 
reasons why such an instrument is necessary to the proper control 
and distribution of water. 

Causes of Unequal Water Pressure. 

Cities and towns are generally built on sites having within their 
boundaries districts differing greatly in level, and, when the water 
is led on, the elevated and low districts draw their supply from a 
source common to them both. Thus the pressure necessarily 
increases and accumulates excessively as it reaches the lower 
levels; and this is found to be the case more especially at night, 
when the consumption is least. Sometimes the pressure becomes 
double, or even more than treble, in the lower districts than what 
is actually required for an adequate supply in the higher districts. 

A water supply distributed in this manner seldom gives unquali- 
fied satisfaction, for, whereas abundant pressure is found at the 
lower levels during the heavy withdrawing or consuming hours, 
the high levels too often have little or no water, or a supply and 
pressure adequate for their pui*poses only reaches them when the 
residents are preparing to go to rest for the night. The steady 
supply remains with them while they slumber, but with the early 
ringing of bells, sounding of horns, and blowing of whistles in the 
morning, the pressure steadily and surely disappears. 

This is not as it ought to be, for in a residential district we all 
know what it means, when our most approved system of sanitation 
depends wholly on water carriage and a regular and abundant 
supply. 

Therefore, the first aim when water has been brought within the 
limits of a city should be, how to distribute the precious fluid so 
that all levels would have at all times a supply abundant for the 
many uses for which it is requii*ed. 

I believe much more water is now used than formerly, in our 
city and suburbs, during the spring, summer, and autumn months 
for the purpose of laying dust, than which a more subtile and 
perfect carrier of disease would be difficult to find; also, great 
volumes are used daily through hose pipes to thoroughly scour 
back areas, <ba, and probably this is at once the cheapest way of 
maintaining the health of a great city, as it is, without doubt, the 
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quickest method of cleansing and getting rid of the impurities 
inseparable from city slums, areas, and closes. 

Daily Volume used. 

We have now for all these and other purposes a weight of water 
delivered for each individual, equivalent to a consumption for 
every man, woman, and child within the area of supply, of 500 
pounds' weight of water daily; this being equal to a supply to 
each dwelling of a weight of our pure Loch Katrine water, deli- 
vered in the enormous quantity of over twenty-four cwts. daily. 

A Moderate but Ample Supply can be provided under 

PROPER pressure. 

This statement brings me to a question that now very naturally 
arises. Can a moderate supply of water be given to every 
customer, under proper pressure, in such a way as to enable all to 
have a fair share without in any way disturbing existing property 
fixtures, or seriously desiring to restrict the volume of water used, 
and only as far as possible limiting the volume of water wasted? 

It can, and to do so, our efforts toward an efficient distribution 
of water in cities should only, in the meantime, tend to the stop- 
page of waste. And under this head, we are apt to ask. Does our 
system of charging for domestic water supply at so much per 
pound of rental conduce to negligence and waste? 

A Charge per £ of Rental for Domestic Supply conduces 

TO Negligence and Waste. 

We know it does; we observe it daily. A charge of so much 
per pound of rental per annum presents no inducement to save; so 
the habitually thrifty have to pay for their share and a proportion 
of the waste of those who are thoughtlessly careless of our glorious 
water supply. 

There is no other commodity we know of that can be bought 
and sold in the same way ; but then, you say, water is a necessity 
to our health and very existence, and ought to be free to all to use 
as they please. I might, with as good argument and reason, say 
gas-light has also become a necessity to our very existence; and 
this argument Ciirried with it considerable weight, and materially 
assisted in legalizing the transfer of gas-works to corporations. 
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Hence, as both the supply of gas and water are in the hands of 
the citizens, and as it costs to bring 1,000 cubic feet of gas or 1,000 
cubic feet of water within the reach of the customers — probably a 
sum very nearly alike — the rule by which the one is sold on a rate 
of so much per pound of rental, ought to stand equally good for 
the other. If it were so, there would still exist those who would 
use or waste from 100 to 800 times more than enough of either 
commodity, and still desire to pay no more than those who used 
their privileges with comfort and discretion, without waste or 
abuse. 

Domestic Supply by Meter. 

This being the case, there is no disputing the fact that, if water 
was sold by meter for domestic supply — as gas is now sold — the 
result would be a greater esteem for the boon we enjoy in our 
Glasgow water, and there would be greater thrift and less waste. 
But the time has not yet arrived when the Legislature will be 
called upon to pass a "Sale of Water Act," although there is little 
doubt in the future the compulsory sale of water for domestic 
supply by meter will become law. Any arrangement of domestic 
wat^r supply by meter, while certainly preventing waste, would 
require consumers to pay for the volume they had actually used. 
Such an arrangement, although appearing equitable and right, we 
are in the meantime not quite prepared to take advantage of as a 
method of reducing waste. It would lead to endless trouble, it 
would conduce to neglect of proper cleanliness of the house, of the 
clothing, and of the person, together with a stinted use for private 
stairs and courts. Thus the consumers willing to pay for being 
comfortably clean, both in person and surroundings, would be 
affected by neighbours who stinted their use of water, and would 
be endangered by risks of epidemics from the proximity of the 
uncleanly. Our sanitary authorities would have more trouble, 
and the extra expense of examining and cleaning many more 
places of the city than presently visited, together with the risk of 
an epidemic which no estimate could ever value, would entirely 
outweigh all the saving to be effected by a supply of water for 
domestic purposes by meter. 

Some Conclusions. 

Thus, I conclude that the volume of water should not be stinted, 
but it ought to be so controlled or governed that the pressure in a 
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given district during any hour of the twenty-four should be no 
higher than what has been found to be quite adequate during the 
hours of greatest consumption in that district To accomplish 
this, streets and districts would have the supply governed by the 
fixing of a contrivance for the purpose, and which must be self- 
acting. And the leading main pipes would carry forward the 
high pressure to the high districts. 

Description of PitEsflURK-RELiKviNR Valvb. 




A section of the apparatus employed is shown in the diagram. 
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It is entirely self-acting, and comprises a valve chamber, provided 
with an inlet and outlet pipe, and having a dividing web or parti- 
tion fitted with or forming a seat or casing for an open annular 
equilibrium valve, through which the water passes, the arrange- 
ment being actuated by the pressure of water on a piston, con- 
nected directly to the valve. The piston is weighted to balance 
the internal pressure on it, and to correspond to the maximum 
pressure at which it is intended the valve should remain open, 
and allow the water to pass freely. When the pressure of the 
water is greater than, and overcomes, the opposing weight on the 
piston, the valve rises, and is partially closed, and the supply of 
water passing through the valve is diminished; and when the 
water pressure is less than, and is overcome by, the opposing weight 
on the piston, the valve opens, so that a greater supply passes 
through it. The piston is open directly to the discharge side of 
the valve, and can be so loaded or regulated as to correspond 
exactly with the rate of consumption. 

Next to the fact of the instrument being a most satisfactory 
controller of water supply, the important feature of the design is, 
that, should the pressure from any cause on the inlet side of the 
valve fall below what the outlet had been set for to be maintained, 
the valve immediately falls full open, allowing all the water coming 
forward to pass full bore through the valve, and remains so until 
the outlet pressure rises higher than the valve was set for, when 
the extra pressure acting on the piston at once raises the valve, 
.and cuts off from the outlet side the excess of pressure above what 
it was originally set to maintain ; or, generally, when the pressure 
on the outlet is sufficient to overcome the load by acting on the 
piston, the equilibrium tubular valve is raised and shuts off the 
water, falling again, and allowing the water to pass whenever the 
outlet pressure falls below the point the governor was set to 
maintain. 

I do not claim for this valve any of the offices of a stop-cock, or 
to govern a supply to be counted by drops. An essential feature 
of the valve is that the main leading from the valve is constantly 
kept charged with water, and, when shut, leaks sufficiently to 
maintain the outlet pressure that may be desired. It is extremely 
simple. 
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Advantages of this Valve. 

The moving equilibrium annular valve gives neither wear nor 
tear in its action. It is compact, and adaptable to any situation. 
Once set, it requires no further attention. It is durable. It can- 
not go out of order. The exceedingly small range of travel of the 
piston in order to give full area of the connecting pipes gives very 
little tear and wear of the cup leather, and this is helped by the 
piston cylinder being lined with brass. An almost equable pres- 
sure would be maintained over the whole city. A better supply 
would be given to residences and factories situated at the high 
levels. All excess of pressure above what is found to be effective 
and sufficient during the day for the streets and districts governed 
would be held back, and concentrated in the leading mains through 
every locality. 

HlOH-PBESSURE AVAILABLE FOR EXTINGUISHING FiRES. 

This would be a great advantage for purposes of extinguishing 
fire; the entire pressure would be concentrated in the high- 
pressure mains, and available for hose-pipes. The adoption of this 
system would constitute a *' constant service '^ in every meaning of 
the word, the present so-called constant system being more inter- 
mittent than constant, as the pressures in the mains vary every 
hour of the day. 

Contemplated New Works and New Sources of Supplv 

MAY BE Postponed. 

And in many cities the large volume of water that would be 
saved would not make so urgent contemplated new works which 
are presently absolutely necessary to keep up existing leakage, 
and the looking out for additional sources of supply would be 
indefinitely postponed. 

Statement of Glasgow Leakage, 1860. 

Before concluding, I shall quote the opinion of the engineer for 
the Loch Katrine water supply, Mr. Bateman, in his report On 
June 6, 1860, three months after the introduction of Loch Katrine 
water, Mr. Bateman made the following report : — " I must draw 

Vol. XVI. f 
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attention to the present consumption of water, which is increasing 
so rapidly as to be really alarming, and quite warrants the appre- 
hensions I felt, and the pains I took to guard against it, when 
writing my report on the city piping, 1858. Referring then to 
the habits of waste which existed, and to the impei*fect state of 
the fittings, I observed that should the same state of things con- 
tinue under a constant supply, and at high-pressure, the waste 
would be enormous, and even Loch Katrine would be found 
inadequate to meet it. 

'* At the same time 1 wrote this the consumption on the north 
side of the river was little under 13,000,000 gallpns a day. In 
November last, eighteen months later, it had increased to 1 4,000,000, 
and in the beginning of March of this year, after the whole city 
on this side had been supplied with the Loch Katrine water, it 
was 15,000,000 gallons per day. It has gone on increasing since 
then till it now amounts to 18,000,000 gallons per day, being an 
increase of 3,000,000 gallons per day in three months. The con- 
sumption by the city was measured at the Mugdock Reservoir 
every hour for twenty-four hours consecutively in the beginning 
of this week. The greatest draught is about one o'clock in the 
day, when it is at the rate of 22,000,000 gallons a day, and the 
least at two o'clock in the morning, when it amounts to 14,000,000. 
At this time of the night nearly the whole of this quantity must 
be wasted. The total consumption of the city from Loch Katrine 
and Gorbals together is 22,000,000 gallons a day, being at the rate 
of 50 gallons per head, and just twice, in gross quantity, as much 
as Manchester and Salford take for a larger population.'' 

Upon this statement Mr. Gale, the resident engineer, was 
instructed to institute such an examination as would lead to the 
discovery of the cause of the excessive waste of water. He found 
that, from ])adly-constructed and leaky taps almie the waste 
amounted to 7,200,000 gallons per day, equal to 20 gallons per 
head, the value of which, if sold for trade purposes, would have 
been about X50,000 per annum. 

Present Consumption of Water and Leakage in Glasgow. 

I may add that since the date of that report, fourteen years 
ago, the consumption has nearly doubled, having increased from 
22,000,000 gallons per day to 40,000,000 gallons per day at the 
present time. This gives a consumption for all purposes still of 
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50 gallons per head of population, the population supplied by 
water being, as nearly as possible, 796,000. Of this 40,000,000 
gallons per day, 36 gallons per head is accounted for as used or 
misused for domestic supply, and 14 gallons per head per day as 
used for trade purposes, making up the 50 gallons per head per 
day, so that^ although means have been and are constantly being 
employed to reduce the waste, there is every reason to conjecture 
that there is still over the whole area of supply a waste of 20 
gallons per head per day; or, say, 15,000,000 gallons wasted daily, 
being a volume equivalent to the total daily supply of water from 
Loch Katrine to the north side of the city during the first year of 
its introduction. 

Mr. Gale, the Glasgow Water-works engineer, is performing a 
great and valuable necessary work at the present time in sub- 
dividing the city into districts for the purpose of approximately 
ajscertainin2 the leakasce durint? the hours of nieht, by fixing^ waste- 
water meters in these district: 

The information thus obtained forms a guide in the searching 
for the cause of excessive waste, but is of itself incomplete ; the 
ascertained fact saves none of the water from being run to waste, 
whereas by fixing one of these pressure-reducers there would imme- 
diately be saved a considerable volume of water. And as the 
expense of opening the street and breaking the water-main, and 
of fixing both a waste-water meter and a waste-water preveutor, 
would be little more than the fixing of either separately, I would 
suggest that this be done, and when the leakage had been ascer- 
tained by the governor being put out of action, then, by relieving 
the load from the piston, and regulating the pressure to what may 
be desirable, a test would at once show what volume of the loss 
had been recovered by the use of this instrument. 

Probable Saving by adoption of Key's Valve. 

I have every confidence that the result will be very encouraging, 
and, if the whole city be arranged as I have suggested, the rate- 
payers would get a very good thing. If only one-fourth of the loss 
by leakage would be recovered, this would be equivalent to a 
saving of water at trade rates of the value of £25,000 per annum. 

Additional Advantages. 

Cities supplied at present under the intermittent system could 
now be put under a constant supply, the only drawback to the 
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old-fashioned, so-called constant system having by this invention 
been removed, as the pressures would now practically remain a 
constant. 

Burst pipes, loss of water, and destruction to property thereby 
would be unknown. 

A city fitted up completely in districts governed by this appa- 
ratus would have a complete set of pressure -escape valves; the 
pistons yielding would exhaust the force of any concussion. 

These instruments ai*e admirably adapted to serve in place of 
break-pressure lodges along line of pipe from reservoirs to place of 
consumption, and, if put in in duplicate for this purpose, will only 
cost about one-tenth of the expense for a service reservoir. 

The makers of Key's Patent Pressure-Reducing Valves are 
Messrs. the Glenfield Company (Limited), Kilmarnock. 

Experiment with Water Supply for Fire-Extinguishing 

Purposes. 

Since this paper was read the engineer of the Glasgow Water- 
works has placed one of Mr. Key's governors on a district of 
2,100 inhabitants. The results are recorded by a meter; and on 
22nd January, 1885, the following gentlemen met at the governed 
district to make an experiment with water supply for fire-extin- 
guishing purposes : — Captain William Paterson, of the Glasgow 
Fire Brigade; Mr. Langmuir, assistant to Mr. Gale; and Mr. 
William M'Onie, son of the Lord Provost, and others, met at 8.15 
P.M., in a district of the city which at present has the water supply 
regulated by one of Key's six-inch equilibrium pressure-reducing 
valves, for the purpose of putting it to a test, and to see for them- 
selves that which the inventor claims for his apparatus — namely, 
the facility that it affords for the instantaneous application of high- 
pressure to the district required. The reducing valve was fixed 
on the 25th Dec; since then it has continuously r^ulated the 
water supply of the district. The cover of the road box has not 
been lifted since the valve was set, and there have been no com- 
plaints from the 2,100 inhabitants in the district as to their water 
supply. The pressure-registering gauge was attachd to a fire-plug 
some distance from Key's valve. Mr. Paterson had a hose-pipe 
attached, and a detachment of men, a« in case of an emei'gency, 
and on a signal by whistle a man proceeded to lift the road box 
cover, and put on the full pressure. This was accomplished in the 
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space of seven seconds from the sounding of the whistle. This 
proof of the adaptability of the valve for the redaction of pressure, 
and facility for obtaining high-pressure for fire-extinguishing, was 
highly commended by all present. Mr. Paterson made further 
satisfactory experiments with his hose-pipes, the object being to 
test the capabilities of the valve to deliver large volumes suddenly 
withdrawn from the mains ; this it did as if no valve had been 
there. The regulated pressure was found to be at 35 lbs. per 
square inch, and when the high-pressure was let on the gauge 
indicated 53 lbs. per square inch. For some time before this 
invention was applied to the district the Water- works engineer had 
been taking a series of diagrams by means of a waste-water meter, 
to ascertain the hourly delivery of water by day as well as by night, 
and since Key's equilibrium valve has been fixed these records have 
been continued; and, although in many towns much higher pressures 
exist, and where a much lower standard could be fixed than in 
Glasgow, yet the results from the application of the apparatus to 
this district show, as near as possible, that there is a saving in the 
day-time deliveries of one-third of the water formerly used, and 
during night a saving of one-third of the water reckoned as leakage 
passing thi*ough the pipes in the small hours of the morning. Thus 
the day deliveries have been reduced from a rate of 49 gallons per 
head per day to 33 gallons, and the night leakage from 20 to 24 
gallons per head per day to 15*3 gallons. In the Glasgow area of 
water supply there are 400 times the number of inhabitants that 
are in this district under trial, and, allowing for high levels that 
do not need the pressure reduced, if one-fourth of the daily delivery 
of water was saved by the general adoption of this instrument^ 
the water required would be 30 million gallons per day, in place 
of 40 millions as at present. 

At a meeting of the Architectuml Section of the Philosophical 
Society of Glasgow, held in the Society's Hall, Bath Street, on 
the evening of Monday, 2nd March, Mr. Key, in a short paper, 
and by replies to inquiries by members present, explained how he 
proposed to gain a higher pressure on the trunk water mains 
throughout the area of supply. This would be accomplished by 
having 300 districts or more — each district having the pressure of 
water on its labyrinth of distribution by mains and services, and 
house supply pipes, so reduced, that there would be no more 
pressure than actually required to give that district a full and 
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copious supply. The regulation of the water supply of one district 
only would have no appreciable effect on the pressures in the trunk 
mains ; but, were the whole of the enormous area of supply so 
controlled and governed, the pressure on the trunk mains would, 
during the day-time, be increased from 25 to 50 per cent. 

It was also explained that out of the proposed 300 districts 
there would be comparatively few districts where vast volumes of 
water are required under the highest possible pressure. Hence 
the great advantage to the city and these districts by having the 
pressure on the suburbs and remaining districts reduced, which 
would be immediately felt by users of water power for trade 
purposes ; and, from past experience, manufacturers would erect 
their factories, and come from other countries, counties, and towns 
to do so whenever it was known our pure Loch Katrine water 
could be obtained under high pressure, and, as suggested by one of 
the speakers, the revenues for trade purposes would be increased, 
and so benefit the citizens by enabling the Water Committee to 
reduce the domestic water rate. Streets almost wholly occupied 
aa warehouses, such as Miller Street, would have the main under 
constant high pressure to enable more power to be developed 
from the machinery already in use, for hoists, <&c., and isolated 
cases requiring high pressure for hoists, turbines, and water 
engines of every description for printing, kneading dough, &c., 
would have their supply pipes connected direct to the high pressure 
mains — the high pressure mains would lead through every locality, 
such as Sauchiehall Street, Argyle Street, London Road, Dum- 
barton Boad, Crown Street, Eglinton Street, Paisley Road, and 
similar leading thoroughfares. The arrangement would accom- 
plish the saving of a vast ^'olume of water daily from leakage, and 
from the wanton misuse that almost universally obtains, even 
under the present minimum day pressure, the value of which, at 
ti'ade rates for two years, would pay the whole expenditure of 
fitting up the entire area of supply on this system. The advantage 
for fire-extinguishing purposes would at once relieve the condition 
of things under which the fire-master feels himself handicapped in 
his earnest endeavours to speedily prevent or subdue the ravages 
of fire ; and, while he thought anything to be applied to purposes 
of reducing pressure was to him a horror to be avoided, he did not 
seem to understand that the adoption of the proposed valve 
arrangement was to fulfil for him all that he desired ; and did not 
credit the fact that the saving of pressure and water to be got 
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from the putting on of a lessened pressure on his dire enemies — 
the not less than 500,000 or 600,000 orifices apt to withdraw water 
from the mains simultaneously — would give him such a command 
of water at high pressure as never before had been obtainable; and 
this only by the immediate putting of the district governor of that 
street under fire out of action by the instantaneous use of a lever 
with cam motion in the box fixed in the pavement, whereby the 
full high pressure of the whole trunk mains of Glasgow would be 
on that single district, the 4-inch hose pipes could then be supplied 
without so great a reduction of the pressure as has hitherto occurred, 
and had the fire-master reflected for one moment he would at once 
have agreed with Mr. Key's argument, seeing that at present, by 
coupling one hose-pipe with large nozzle to a 6-inch pipe the 
pressure would fall from 60 lbs. per square inch to 30 lbs. or 
even less, he would thus understand the benefit to be derived 
from lessening the pressui*e on the hundreds of thousands of 
nozzles or taps drawing water. The fire-master's fear of the 
present 4-inch bye-pass connections seemed to be very real ; but 
no such arrangement would be required, as each governing valve 
would be made of the /uU size of the main pipe supplying the 
district, be it 6, 8, or 9 inches diameter; the 4-inch pipes did 
throttle and so reduce the pressures during day when the heavy 
consumption was going on, and as soon as that consumption 
lessened, and the volume required to pass the 4-inch orifice 
lessened, the pressure on the district increased, so that, except 
during a few hours of mid-day, the pressure was excessive on 
that district, and when one or two 4-inch hydrants were opened, 
obviously the 4-inch bye-pass could not maintain a sulEcient 
pressure. With the valve arrangement, a 9 -inch valve would 
open, and give at each hour of the day whatever volume was 
required at a uniform pressure, and in case of fire would be thrown 
out of action, and the high pressure from trunk mains let on to 
that district 

Mr. Key mentioned that it would be still necessary to keep up 
the same vigilance by night inspections ; but these would not be 
so frequent, as fittings would not get out of order so soon, and by 
having portable meter arrangements and 4-inch ball hydrants, and 
connecting these to a district for a few hours, whenever a leakage 
of say 15 gallons per head per day was shown, an inspection 
might be necessary. Burst pipes would be unknown, and a heavy 
item on upkeep of property in plumber work, and taps, and 
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fittings would be reduced. The high levels of the city at present 
only receiving a water supply during the high pressure hours of 
night would, by the proposed arrangements, receive from the high 
pressure mains a constant supply, and wherever the water had 
risen by gi-avitation before, it would lise again, and thus obviate 
any troublesome pumping stations. Areas of supply fed by leading 
trunk mains that are gradually becoming too small for the volume 
of water required to be passed through them during the time of 
heaviest withdrawing hours, when the pressures become very low, 
would, by this districting arrangement, have the mains made 
equivalent to having been enlarged in size, and so be made able 
to much longer supply the area without enlargement through being 
able to deliver the water under increased pressure. 

Mr. Key thinks it right to add, that the valve fixed in Glasgow 
for trial was not specially made for the district it was fixed in, 
and before it was fixed had said the diameter of piston was too 
small for the district chosen where to place it. It has been 
removed in order to replace it with one more suited to the 
requirements. Engineers of water works will understand that the 
diameter of the actuating piston requires to be modified according 
as the average pressures vary, and that a valve suited for an inlet 
pressure equivalent to 50 feet of water column, would 'require a 
very different piston for 200 feet, and again also for a 500 feet 
water column, all his valves when made specially to suit an inlet 
pressure range, varying say 40 lbs. per square inch, and for the 
outlet pressure desired, such as fixed in very many towns already, 
are giving the greatest satisfaction — the makers having in their 
possession many testimonials. 
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VI. — On a Shadowleta Gas Ventilator. By Oeorge S. Buchanan. 



[R«ad before the Society, 7th January, 1885,] 



The ventilator which I liave the honour of bringing under the 
notice of this Society is for the purpose of effectively conveying 




away the heated air, smoke, and other products of combustion, 
from large central gas-lights, such as gnsaliers, sunlights, &c., 
Qied in lighting churches, halls, and large rooms — and doing that 
withoat casting any shadow on the ceiling. 
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I may, |)erhaps, most easily explain it if I shortly state the 
special arrangement it was substituted for, and the defects it was 
intended to remedy. 

WUAT IT WAS SUBSTITUTED FOR. 

« 

In the cliurch where it has been fitted up the greater part of 
the gas-light was supplied by a gasalier, containing about 110 bat- 
wing jets arranged in two concentric rings, the smaller uppermost, 
suspended about 4 J feet below the ceiling, over this was a large 
covering or hood, considerably larger in diameter than the gasalier, 
with mirrors fixed round the outer edge; in the centre of this hood 
was a large hole, which communicated, through a corresponding 
hole in the ceiling, with an exhaust pipe led some distance up the 
spire. 

There were three objections to this plan — 1st, The general light- 
ing of the church was not satisfactory; 2nd, sitters in the galleries 
complained of the heat, both apparently directly radiated and 
diffused ; and 3rd, the ceiling had become much smoked round the 
light. 

The committee in charge of the alterations wished, if possible, 
to keep to the principle of a central light of some kind, in order 
to avoid the expense of alterations necessary if the mode of light- 
ing by standards, coronas, or pillar brackets had been adopted. 

I submitted my plan to them, and, after considerable delibera- 
tion, they decided to try it, as it involved no alteration in the 
ceiling, and could easily be taken away if found useless. 

Description. 

It consists of a number of cylindrical tubes of thin sheet metal, 
of different diameters and of different lengths, arranged concentri- 
cally, the longest and the one of least diameter being in the centre, 
the next one outside being five or six inches shorter, and about 
double that greater in diameter, and so on to the outer one, the 
lower end of which is just level with the ceiling. This last and 
outer tube terminates above the ceiling in a slieet-iron cone, which 
communicates by a pipe led outside the building in the most con- 
venient way. The second tube from the outside, which reaches 
about five or six inches below the ceiling, also terminates above 
the ceiling in an inner cone, which reaches a little way up the 
outer cone. 
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Light used. 

The light we adopted consisted of 92 burners, ariunged in a 
single ring about four feet in diameter, set so as to be lighted by a 
messenger jet always burning, and suspended about six feet below 
the ceiling. 

Comparison with old Plan. 

The arrangements, it will be seen, are in some respects rather 
against the success of the plan, as compared with those of the old, 
for, while using the same hole in the ceiling and the same exhaust 
pipe, the lights are now farther from the ceiling and considerably 
lai^r in diameter than before, and are virtually outside of any 
part of the ventilator ; but the result seems very different. The 
lighting is considered as perfect as could be wished ; no heat is 
complained of by sitters either in front or back galleries; and, 
though it may be too soon to say much about the smoke, still, as 
we find that the heat is sensibly being taken away by the central 
tubes, it is hoped that the smoke is going the same way. 

Its Action. 

After the gas has been lighted for a few minutes, currents of air 
are set up in all the tubes, but of different strengths and tempera- 
tures, that in the central tube being by far the strongest and 
hottest, and the strength and temperature gradually decreases in 
the tubes as they recede from the centre, although they all open 
into the same exhausting pipe, the heat of the air in the outmost 
tube being comparatively low (about 100°), although it is most 
directly above the burning gas, but still somewhat within it. 

Inner Cone. 

The inner con& is intended to absorb the heat of the hot air 
coming up the central tubes, and thus to increase the current in 
the annular space between the cones, the entrance to which, from 
the apartment being level with the ceiling, and to a considerable 
extent free from the gas currents, will, it is believed, take away a 
large amount of the heated and impure air which lies close to the 
ceiling. This inner cone we did not put up in our church, and it 
fieems to work without it ; but I believe, as a general ventilator, 
it would do still better with it. 
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Theory op Action. 

The principle of its action I believe to be this : — The heated air 
from the gas, rising at first in a cylindiical form, soon comes within 
range of the central and longest tube. This draws, as it were, the 
heart out of the column, producing a pai*tial vacuum in the centre 
of it, and a consequent closing in or contraction in its diameter, 
and the air thus enclosed cannot farther affect or be affected by 
any other currents. This principle I consider to be the great 
cause of its success. The remainder of the ascending column, 
which is not taken up by the first tube, then comes within range 
of the draught of the next tube, which again takes more out of 
the centre of it, and still farther contracts its diameter, and so on 
with each tube in succession, till by the time the ceiling is reached 
very little heat is left in what passes up the last tube, although it 
is more directly above the burners, and rather within them. 

Plate Necessary. 

When first fitted up with an open ring of gas jets we found the 
air coming up the central tube, though hot, was not at such a high 
temperature as in the ones next it. We thought it might be 
drawing up with some heated air a considerable amount of cool 
air through the centre of the ring and from the body of the church 
below it. In order to prevent this, we fitted in a plate of sheet 
metal exactly in the plane of the burners, and a few inches less in 
diameter than the gas ring. This had at once had the desired 
effect, the current in the central tube now becoming the hottest 
and the strongest. 

Shadowless. 

It is quite evident from this arrangement that there can be no 
shadow cast on the ceiling, every part of it and the ventilator 
being in the light. 

The thing itself is not inelegant. Some of the members of our 
committee were doubtful about this when they saw it on paper, 
but since it has been put up they have altered their opinion of it. 

Ornament. 

The one we have fitted up has been made as simply in some 
respects as possible, being of sheet iron and painted ; but in the 
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hands of a mau of tajste it is quite capable of considemble orna- 
mentation. The end of the tubes could be made of polished brass, 
graceftdlj trumpet-mouthed, and the edges might be scolloped, and 
perforated with some ornamental design. The gas arrangement 
might be of the simplest description, the eye in daylight being 
attracted to the ventilator, and at night the brilliancy of the ring 
of light would requii*e no ornament. 

As A Ventilator. 

Although originally I only intended this as a ventilator in con- 
nection with a gasalier or sunlight, still it may be applied as a 
good way of filling in a large aperture in a ceiling for ventilation, 
in a way at once pleasing to the eye, and without materially 
reducing the area of the opening, a thing which all gratings or 
fretwork does to a greater or less extent ; and a draught can easily 
be started in the exit tube by a few gas burners lighted in it for 
a little, for it seems evident that the principle of subdivided 
and separated currents has greater effect in concentrating and 
strengthening the general draught than when the air is allowed to 
find its way through a big hole any way, even though it may be 
through the same exit pipe in both cases. 

I have thus described, as plainly as I can, this ventilator and 
its mode of action. It appears to combine to a considerable extent 
three requisites in such things — efficiency, elegance, and economy. 
Its efficiency we have experienced, its elegance can be judged of 
firom the one fitted up, and for its economy it can be made of the 
cheapest materials. The workmanship on it is of the simplest, 
and any little patent right will not add much to its cost. 

I will be glad to give any further information I have on it to 
anyone interested j or they can see the one now in use by applying 
to myself, or to Messr& Archibald Watson <Ss Co., 36 East George 
Street) or to Mr. Nisbet, Church Officer, 21 Grafton Street, 
Glasgow. 
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VII. — African Colonies and Colonizatioyiy vnth iiotices of recent 
Amieacations, By Rev. J. R Carlyle. 



Read before the Society, 7th Januaiy, 1885. 



The subject of African colonies and colonization is now of 
general, almost of exciting, interest. Afiica has at last come 
to the forefront It is not only that the geographical discoveries 
of the age have opened up Africa to view as never before, but that 
to practical enterprise it offers itself also as a vast outlet for trade 
and a wide field for colonial extension. The successful efforts of 
the International Association especially, with Mr. Stanley at its 
head, have sufficiently shown that the question of colonial exten- 
sion is no longer a speculative one, and the future distribution of 
political power on the Continent thus occupies the serious atten- 
tion of statesmen. " Half the habitable surface of the globe," it 
has been stated, '* is occupied by European States and their colonies, 
or by States which have_ sprung from the latter; * yet European 
colonization in Africa h£is made comparatively little progress, 
embracing only some 9 per cent, of the area, and scarcely more 
than 6 per cent, of the population." There is thus a large field 
for enterprise. This has been lately brought home with much 
force by Mr. Stanley to those large and intelligent audiences he 
has addressed in London, Manchester, Edinburgh, Berlin, your own 
City of Glasgow, and other great commercial centres. No one could 
be more competent to speak on such a subject than this greatest of 
living African discoverers, and one of the bravest of engineering 
pioneers, Bula Matadi — the rock-breaker, as the natives of the 
Lower Congo call him. Already, with this new wave of impulse, 
rapid colonial annexations have been made along the coast line of 
Africa, and inland on the Upper Congo and the Alima, Jbc, and 
others of a more extensive and perhaps more unexpected and 
startling character may follow. Colonial power in Africa is plainly 

* llaveustein, OraphiCy December 20, 1884. 
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destined to rise to a position it has never held before \ and this 
large occupation of territory must necessarily have great results, 
not only as regards the native races of Africa, but perhaps also in 
some measure on the political balance of power in the world. We 
may trust that the results will be beneficial. The fiag of Free 
Trade raised at the Berlin Conference is hopeful for Africa. In 
the past centuries the "Dark Continent" has been the helpless 
victim of selfish greed, and of the old grasping commercial system. 
It will be a noble triumph, if free trade inaugurated by the civi- 
lised Powers of the world over so immense an area as the Congo 
and the Niger, prove a success, and usher in an era of progress 
for Africa. Let us hope that the same advantages will be extended 
to the Upper Nile, the great inland African Lakes, and the 
Zambezi. Surely, if the experiment succeeds, it will be an argu- 
ment for the extension of a system which so happily combines free 
trade and fair trade to the world. 

The history of African colonies is a subject never yet adequately 
treated. It is not so gi*aphic or striking as the story of American 
colonization; yet it has also its interest. Here we cannot attempt 
it, and yet a rapid outline of the past may not be without its 
value, even as regards what it is our special purpose to notice — the 
African colonies of the present, their area, territorial distiibution, 
trade, population, and prospects. 

We pass by with a few sentences the vast early immigrations of 
the Hamitic races into Africa as being outside the histoiical period. 
Their language many scholars regard as older than the Shemitic or 
the Vedic Sanscrit. It was they who laid the foundation of 
African or rather of the world's civilization, of which they have 
left so many proud monuments in Egypt. First peopling Egypt, 
they then overspread all North Africa to the southern limits of the 
Sahara Desert, and so far west as the Canary Islands of the Atlantic. 
They are the Numidians, the Gsetulians, the Massylians — the 
many barbarous races of North Africa described by the Romans. 
They were among the best soldiers of Hannibal, and they formed 
later, the finest Roman cavalry. Their language has survived the 
fierce onslaught of the Phoenician, the Greek, the Roman, the 
Arabic tongues, and is, as a living language, still spoken by their 
descendants the Berber, Tamashek, Shilha, Amazirg, Galla tribes, 
kc The brave Bishareen tribes, with whom we have been lately 
fighting near Suakin belong to them, and many of those our troops 
lately encountered at Abu Klea. The industrious Fellahs of 
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Egypt, though they have lost their old tongue — save a few Coptic 
priests — are of the same enduring race. They form still, indeed, 
the chief population of North Africa, and whoever may yet be 
their conquerors, they are likely to hold their abiding place. 

As regards historical times, the first African colonists were the 
Phoenicians. We may add that they have been among the greatest 
of all times, for if we except our North American colonies, and 
their gi*eater offspring the United States, no other colony ever 
sprang from a mother state so great as Carthage. Cailihage was 
not the oldest Phoenician colony in Africa, Utica and other cities 
went before her ; but she was by far the greatest. Without 
accepting the story of her origin, as given by the immortal Roman 
poet, it seems to have differed from the many Phoenician colonial 
settlements. It was more formally and deliberately the act of the 
mother state. She brought with her to her new home, not merely 
the trader, and settler, and seaman — but her great ones — ^her 
priests and her aristocracy. This may account in part at least for 
her high position and character. 

Without concerning ourselves with the history of Carthage, one 
or two leading colonial characteristics may be marked. One is her 
naval predominance and commercial exclusiveness. For a long 
period she dominated the western Mediterranean, which might 
have been called a Carthaginian lake. No strange sail nor any 
foreign flag dare venture there without her sanction — her system 
of trade admitted no rival. Carthage was also marked by greater 
maritime enterprise than any state of antiquity. The greatest 
voyage of antiquity of which we have authentic records was that 
of her Admiral Hanno, with some 30,000 half-caste emigrants down 
the West Coast of Africa, extending, probably, as far as the 
Camei'oons. Hamilcar, another daring explorer, after passing the 
Pillars of Hercules, directed his voyage northwards extending to 
the Scilly Islands — ^ ^ rich in metals, tin and lead. '' '^ At the distance 
of two days' sail from there is the Holy Island, with its abundant 
emerald pastures, inhabited by the Hibernians ; hard by lies also 
the wide Isle of Albion."^ One most interesting characteristic 
of Carthage to us now is, that she was a great agricultural as well 
as commercial colony. She flourished in large measure by 
her great plantations ; in this she differed from most Phoenician 
colonies. They were established almost exclusively for trade, and 

* *' Carthage and the Carthaginians." Bosworth Smith, p. 42. 
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when it failed, or native states grew too strong, they gradually 
retired, somewhat as has been the destiny of Portugal in later 
times with her colonies. Carthage, on the other hand, besides her 
commercial wealth — the greatest probably of antiquity — was rooted 
deeply in the soil. The greatest agricultural writer of antiquity 
was Mago, a Carthaginian. His treatise on agriculture was indeed 
the only Carthaginian work translated into Latin and Greek. 
The country around Carthage was splendidly cultivated, overspread 
by the mansions of the Carthaginian nobles. Carthage, like Venice, 
was an aristocratic city with an aristocratic rule, but her nobles 
were not traders — they gave themselves to the affairs of the state 
and to the cultivation of their lands, worked by numerous slaves. 
When Agathocles, the tyrant of Syracuse, boldly transferred 
to Africa the war he was waging with Carthage, he led, we are 
told, his army through a countiy crowded with gardens and 
plantations, everywhere intersected with canals, by which they 
were plentifully w^atered. Landed estates succeeded to each other 
in continuous succession—ea^h adorned with splendid mansions— 
which revealed the wealth of their owners.* 

The rule of Carthage, as a colony, affords but little occasion for 
praise. The nobles and the wealthy were the chief gainers by her 
citizenship. Carthage made no attempt to assimilate or elevate 
the races she ruled. Her government was mercenary and 
ezclusiva In place of treating the Phoenician colonies around 
her with sisterly kindness, she did what she could to crush their 
spirit, and exacted from them an extortionate tribute. The 
Libyo-Phoenicians, a mixed race, largely her own flesh and blood — 
somewhat like our Eurasians in India — were shut out from the 
higher privileges of citizenship. The Libyans, Berbery by race — 
the staple of her armies — were attached to her only by a mercenary 
bond. Outside, again, were the vast body of her slaves, with the 
native races ruled by their own chiefs and sovereigns. In place 
of any cordial alliance with the last there was either alienation, or 
hating her oppression — they were her deadly foes — a hostility 
which, by the crafty policy of Rome, gradually led to the over- 
throw of Carthage. However we may pity Carthage in its fall — 
once so nearly winning the empire of the world — it was well that 
Rome and not the African city won the prize. 

Carthage has been of late compared with Britain. In the 
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Vol. XVL o 



98 Philosophical Society of GUisgow. 

view of the first Napoleon, Rome was France — now it is, perhaps, 
the revived German Empire. But to the candid reader of history, 
apart from commercial enterprise and success, the parallel fails. 
Where is the comparison between Carthage, with its monopoly, 
exclusiveness, and ferocity, with a country such as Great Britain, 
which has achieved such constitutional pi*ogress, developed so 
largely the liberties of modem times, admitted its colonies to so 
great equality of right, and ruled with a justice greater than 
Imperial Rome, the wide Indian Empire of the East % 

We pass over with short notice the first Greek and Roman 
colonies of North Africa. The most important Greek colony was 
Cyrene (b.c. 631). It lies towards the eastern frontier of what is 
now called Tripoli. Cyrene was one of 5 cities, forming the pro- 
vince of Cyrenaica, now Barca. Berenice was another of the cities, 
now Benghazi, the second port of Tripoli From its climate, 
position, and soil, Cyrenaica was, in ancient times, one of the most 
delightful of regions; its centre occupied by a moderately elevated 
tableland — the edge of which runs parallel to the coast — to which 
it sinks in a succession of terraces. It was clothed with verdure — 
filled with the richest vegetation, refreshed by the cool sea breeze, 
and defended from the scorching winds of the Sahara by a range 
of lofty mountains. This region has been, in later times, but 
rarely visited by the European. It has been lately stated that at 
some points on the coast the climate is as salubrious as Algeria, 
and may yet become a winter European resort. Probably at no 
distant day Tripoli may be annexed and colonized by Italy as 
Tunis has been by France. 

The Roman colonies in North Africa were much more extenaive 
than the Grecian, embracing in later times Cyrenaica on the east, 
then Carthage named Africa, Numidia, and on the west Mauritania. 
Except in Italy there were, indeed, nowhere so many Roman 
colonies as on the North African shores. These provinces exceeded 
all others in the fertility of the soil and in the grain crops and 
corn, and were esteemed, especially the African Province, as the 
granary of Rome. No part of the empire also was so crowded with 
Christian churches and bishoprics. Far more then was known of 
North Africa than in modem times, at least until very recently. 
It has been observed, that wherever Rome had numerous colonies, 
there the tranquillity of the state was more secure ; this was long 
illustrated in the peace that reigned in the North African Roman 
Provinces. 



Rev. J. E. Carlyle oh Afncan Colonies and Colonization. 99 

Let me mark one or two features of those Greek and Roman 
colonies, not so mach from their historical interest, but as illustrative 
of modem colonization. The Greek settlers were generally inde- 
pendent of the mother states, except perhaps the Athenian colonies. 
They were composed usually of bands of men or families, seeking 
a new settlement for themselves, generally under the pressure of 
home difficulties. They carried with them no ideas of state- 
union with the mother country — only of friendly and reverential 
r^pard — but they retained all their sense of civic equality and 
right, and they remained intensely national, developing on what- 
ever shore they reached the ideas of Greek literature, culture, art, 
and enterprise. 

It was different with the Roman* colonies. For whatever 
objects they were founded, whether to relieve the pressure of 
population, or to strengthen and consolidate the empii*e, they 
always owed their existence to the mother state. They could not 
be constituted but by her solemn act ; their formation and estab- 
luliment were under her official control. They continued attached 
to the mother state, and they lost neither the auffragium, nor the 
kanores — ^the franchise of Rome — nor the title to the distinctions 
of the Imperial City.* The Roman colonies continued loyal to 
Rome to the last, and they fell with it In Europe, indeed, 
impregnated with the life of Christianity, they survived the 
empire and we trace to them the first beginnings of our modem 
municipal institutions. In Africa their lot was different — even 
with Christianity diffused — they and it utterly perished. 

There is one feature of the Roman colonies different from those 
of modem times, unless, perhaps, we except Algeria. Most of 
the later Roman colonies under the Imperial rule were military. 
They were designed with a far-reaching policy to provide for the 
veterans of the army rewards for their bravery, and a rest for 
their old age. They are described as the ^^ propugtiacula i7np€rii" 
the colossal defence and image of military Rome, threatening 
rerolt^ and confronting Barbarian force. 

Comparing the Greek and Roman colonies with those of later 
times, our modem colonies resemble rather the Roman. They 
were founded by States, and they were the extension not only of the 
nationality but of the State itself. In this they differed from the 



* The Latin coloniea had not originally these privileges, but they latterly 
obtained them. 
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Greek. These, it has been said, were regarded " as ripe fruit 
dropping from a tree to have a separate life/' Roman oolonies, 
again, were ^^ rather as an acorn spreading into the huge oak that 
has hundreds of branches and thousands of leaves."* The Greek 
idea is still one advocated by a class of thinkers, and it has been 
realised in the history of modern States; Spanish, Portuguese, 
French, British colonies have thus been severed from the original 
stem, and live now in independence. But the Roman idea is still 
that of another and larger class of thinkers. All the later modem 
colonizing countries aim at State extension. France, Spain, 
Portugal thus admit their colonies to the full rights of repre- 
sentation in the home Legislatures. In this sense, these colonists 
may say with more justice than the British, " Cives Romani 
8umu8. " In France, indeed, able writers complain that there is thus 
too much of centralization, and that it tends, as with the Roman, 
to stagnancy. With us it is not so — there is the colonial autonomy 
in large measure, something like the free, intense national life of 
the Greek colonies ; but yet it is felt that to safeguard all this 
elasticity and energy in so many great and scattered com- 
munities, and to secure for all united and progressive move- 
ment, wo need, also by federation, to bind the vast British 
Empire into one. 

When we pass from the Afnca of antiquity, with its long line 
of noble colonies on its northern coasts, to later times, it is as if 
dark threatening clouds gathered over the scene, charged with 
storm and tempest, enwrapping in their gloom the dark continent 
for many an age. The rich colonies and plantations of North 
Africa were devastated by Moslem violence, and their civilisation 
and literature destroyed ; and although after a time there emerged 
what may be called the Moorish civilisation, with its valorous 
Hamitic soldiery, which nearly won again the prize of the world's 
empire on the plains of France at Tours, yet Northern Africa 
never again rose in population, fertility, and culture to the place 
which it once held. The same Moslem wave spread over the 
far interior. The Arabs were, indeed, the first authentic dis- 
coverers of Central Africa. By means of the camel, the ship of 
the desert, as it has been called, they achieved discoveries almost 
as remarkable as those of Columbus, conducting their warlike 
caravans across the Sahara to the vast fertile regions of the great 

* Seeley's ** Expansion of England," p. 76. 
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African Sudan. There they gi'adually foiindeci' ^;reat Moham- 
medan kingdoms, which, however barbarous, could ibii iavourably 
compared with the old rude Nigritian Fetish rule. Thki'vearlike 
and religious propaganda still indeed continues, and flourishes in 
Central Africa to-day. The promulgation of Islam has thnsL^had 
its lights and shadows as regards the well-being of Africa. Strange 
to say, it has been owing to Christian States mainly, during the later 
oentories, that darkness deeper than ever has brooded over Africa: 
It was the slave trade policy of the European nations which so 
aggravated the miseries, we might say the agonies, of the African 
races. A perverted interpretation of a mysterious sacred oracle 
long led Christendom also to look at these miseries rather as the 
inevitable doom of an accursed race than as fearful crimes against 
humanity, to be condemned and suppressed. 

Bat we anticipate. With the 15th and 16th centuries there 
began in Europe great colonial movements. Simultaneously, or 
in no distant succession, many European States entei*ed on this 
aew field of enterprise. Even in the Middle Ages, indeed, Europe 
had not quite lost its hold on Africa. The Italian Eepublics had 
retained it. Venice, by its close relations with Alexandria, Egypt, 
the Bed Sea, even extending to India ; Genoa, by its sea forts on the 
Barbary coasts. But now the interest was more widely difiused. 
While Africa, as compared with the Indies, East and West, and 
with America, had but a small share in the enterprise, few 
oonntries were still left unrepresented. Portugal, of course, as the 
first discoverer, took the lead, and to its honour be it said, it seemed 
to have had a higher ideal than the mere greed of wealth. The 
kingdom of Congo, which was early founded, was designed to 
civilize and to C*hristianize the natives. Jesuits laboured assidu- 
onuly at San Salvador, the capital, and elsewhere, to spread all 
kinds of civilisation and industry. A cathedral was built and 
monasteries were erected, and all went well for a time, but 
in the end the effort failed, probably in great part from the 
insufficiency of Portuguese resources. San Salvador is now 
bat a village, owing its small resources to the contributions 
levied on the ivory traders of the interior. Commercial 
objects came henceforth into the foreground in the African 
colonization, both of Portugal and other countries. As regards 
Portugal, there was a great demand in Brazil — its South American 
poaaession — for labour, and the chief value of its African colonies 
was found to be in supplying slave labour to cultivate the rich 
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and extensive Brazilian plantations. Other European countries 
followed tke'Wme policy, and carried on a lucrative trade of the 
same ohairacier with the West Indies and other colonial aettle- 
mentdi/'-'fhe West African colonies and factories extended from 
th<]^e^ of the French in Senegal, and the British on the Gambia, 
, do^ra the whole Guinea CJoast, tei-minating only, indeed, with the 
Djatch possessions at the Cape. Fi^nch, English, Dutch, Danes, 
'', Swedes, Spaniards, and Germans had a share in it. The Castle 
•' of Fredricksburg was built on the Guinea Coast by the Elector of 
Brandenburg, but fell afterwards into other hands. Its ruins 
have been visited lately by officers of the annexing German war 
vessels. In the nefarious, profitable slave trade which then pre- 
vailed our country took a leading place. 

Then there followed this mercantile colonial prosperity the revolt 
of the British North American colonies, and with this a great 
change. It seemed for a time as if the idea of world-wide colonial 
empires was a mistake, destined to pass away. As regards Africa, 
France for a time after the French Revolution lost Sen^;al, which 
passed into British hands. Holland had to surrender the Cape 
Colony. Even Great Britain and Portugal, while retaining their 
African colonies, found them depreciated in value. This was 
owing in part, however, to another cause. To the honour, be it 
said, of our Christianity, the conscience of Great Britain and 
of Christendom was at last reached as to the immorality of the slave 
trade, and from 1785 vigorous efforts, on the history of which we 
cannot linger, began for its suppressioiL The names of Wilberforce, 
Buxton, ClarksoD, and others are ever to be associated with this 
beneficent change. The value of the African colonies sank then for 
a time very ]ow, if we except the Cape Colony. But gradually an 
end was put to the nefarious ti'affic, and then there began legiti- 
mate trade, very slow in its progress, yet ultimately successfuL 
The discovery of the mouths of the Niger helped this, and the 
British expedition of exploration up the river. As instances of 
the happy change thus effected, we may point to Sierra Leone, a 
colony built up by liberated slaves, once speaking a Babel of lan- 
guages — upwards of a hundred the philologist was able to trace, 
now a fiouiishing Christian community. Lagos may be added j 
but a quarter of a century ago, a place of slave Barracoons, now 
promising by its advancing trade to become, as it has been named, 
the Liverpool of the Guinea Coast Let it never be forgotten in 
this history of the suppression of the slave trade on the West 
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Coast of Africa, the honour due to Lord Pahuerston for his 
courageous and tenacious resolve, despite all sneers and obstacles, 
to crush this cruel traffic. In these days, too, when so much is 
said of British colonial greed, let it be remembered that Great 
Britain probably spent more millions on her West African 
squadrons to put down the slave trade, than all the commercial 
profits she has since reaped on these coasts. There was a more 
valuable expenditure, too — that of human life, estimated, for 
instance, in 1845 at 5 per cent, of the crews, and in 1851 
at 8 per cent.* This new West African trade has grown up 
to success by slow laborious eifort Bacon has said that " the 
{^anting of countries is like the planting of woods, for you must 
take account to lose almost twenty years profit, and expect your 
recompense in the end" This enterprise has been mainly British, 
but the merchants of Holland, of Bremen, and of Hamburg, have 
also cultivated with care and ability the West African trade, and 
share deservedly the honour of its pi'esent development. France, 
too, has had its share in Senegal, at the Gambia and latterly at 
Gabun. Its traders have done something, but not much to com- 
pare with the countries we have named. Other causes have aided 
African colonization. The acquisition of Algeria by France has 
stimulated colonial expansion in Africa, and has latterly, indeed, 
inspired France with vast and ambitious designs. The remarkable 
commercial growth of the Cape Colony, and of Natal, and the dis- 
covery of tho diamond fields have attracted even more commercial 
enterprise. Then there is to be added the fresh recent discoveries 
of African travellers — especially of Dr. Livingstone and Mr. 
Stanley. The noble munificence of the king of the Belgians, and 
the splendid recent enterprise of Mr. Stanley, in opening up the 
Upper Congo, form a page of colonial history scarcely to be rivalled 
in the past All this has resulted in a wondeiful change of the 
public mind. The sated markets of Europe, with its masses of 
trained artisans, suggest the need of new outlets of enterprise. 
Africa, but so lately despised, seems to ofier a new and wide 
field for consumption. It has become the scene of excited, almost 
of passionate rivalry. These wild coasts, so long almost deserted, 
now witness an eager, if somewhat undignified, scramble of gun- 
boats and other vessels of war, for the possession of the African 
shores. 

* ** Europaische Colonien in Afrika." BerUn, p. 23. 
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We pass on now to glance over the existing colonies of Africa, 
These are numerous, and many details might be given r^arding 
them, but we limit ourselves chiefly to those of interest at the 
present colonial crisis. We begin with the Arabs — 

Arab Colonies in Africa. 

The Arabs were early colonists on those eastern coasts of Africa^ 
lying opposite to their own shores. They are a race not unlike the 
Berber, although the language is so distinct. They have much 
the same physical build — "slim, sinewy, and muscular bodies, 
brown sunburnt complexion, Caucasian features, strongly curved 
nose, black fiery eyes, black lank hair, pointed chin, somewhat 
prominent cheek-bones, thin beard." There ai'e many tribes of 
pure Arab descent scattered over the Highlands of Abyssinia, in 
Nubia, Kordofian; Dongola, the Libyan and Sahara Deserts, and 
even further west. They founded, at an early period in Moslem 
history, the great empire of Zayla, with Harar for its capital, 
and Zayla, near the Straits of Bab el Mandeb, for its port These 
Arab colonists and settlers meet us, especially now, on the east 
coast of Africa, having settlements even so far south as the north- 
west coast of Madagascar. Their chief occupations are agriculture 
and trading with the natives. They i>ossess extensive planta- 
tions along the Zanzibar Coast. As traders they are enter- 
prising, but reckless and unprincipled, chiefly occupied with that 
which has been the most lucrative of all trades — the purchase and 
sale of slaves. In the purauit of this ti-affic, and of ivory — also a 
valuable article of trade — their caravans are found almost every- 
where; at Lake Nyanza, with king Mtesa; at Tabora in Un- 
yanyembe ; at Ujiji on Lake Tanganyika ; at Nyangwe, on the 
Lualaba or Congo; at Kilwa; at Ibo ofi" the Portuguese Mozam- 
bique coast. They bring to the last place their " libres engages" for 
the French colonies and the Comoro Islands. As slave traders 
they have a position in East Africa such as the Portuguese hold, 
or, rather, as we may now hope, held on the West Coast. 

The chief centre of Arab colonization in East Africa is now 
Zanzibar, and happily it is so, as we have thus been enabled to 
strike a heavy, may it yet prove a fatal blow, at the East African 
slave trade. The island of Zanzibar was in last century, 1784, 
taken from the Arab Princes, who then held it, by the Imam of 
Muscat. The Princes of Muscat have long been the firm allies of 
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Great Britain, and under her protection. Since 1856 the Zanzibar 
branch of the princely family has been independent of Muscat, 
but still under paramount British influence. It was this, for 
example, which enabled Sir Baitle Frere to obtain in 1873 the 
important Convention for the 'suppression of the slave trade on 
the East Coast. Much honour is due in regard to this also to 
Burgash Ben Said, the reigning Prince since 1870, who at the 
risk of his throne, and at a large pecuniary sacrifice, signed the 
Convention, which he has since, with the vigorous support of Sir 
John Kirk, loyally carried out. A large body of slaves have thus 
been rescued, many of whom have received an industrial and 
Christian education, and are being formed into colonies. In this 
work the Church Missionary Society by its free settlement at 
Frere Town ; the Universities Mission by their large enterprise 
at Zanzibar and by stations on the mainland ; and the Boman 
Catholic Church, by its important mission at Bagomoyo, have 
taken an important part. It cannot be said, indeed, that even 
yet the slave trade has ceased on the Zanzibar coast. Very 
recently H.M.S. Osprey has rescued from the Arab slaving 
dhows some hundreds of wretched slaves. This new outbreak 
may be explained, in part, by the terrible famine which has lately 
devastated the East African coast, and by which so vast a number 
have perished; many children have thus been sold to save their 
parents' lives or their own. The old unprincipled traders have 
used the opportunity to revive their nefarious but most profitable 
traffic. The present evil has been explained, as in part also 
having been occasioned by the withdrawal of H.MS. London — so 
long stationed at Zanzibar for the suppression of the slave trade. 
This step was taken by the British Government with no intention 
to abate its vigilance, but in the hope that the evil might be better 
remedied by-lhe appointment of additional consuls on the coast. 
This was, undoubtedly, a step in the right direction, but British 
cruisers seem still imperatively needed, if the slave trade is to be 
effectively put down on the east, as on the west, coast of Africa, 
and if legitimate trade is to be fostered and increased. It is to 
British cruisers almost everything effected yet has been owing. 
France, so far from giving any really efficient help, has, by 
allowing Arab dhows, without due inquiry, to hoist her flag, 
done much to paralyse British efibrt and to increase the slave 
trade. 

The domains of Burgash Ben Said embi-ace the long line of the 
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Swahili coast, with the islands opposite it of Pemba, Zanzibar, and 
Mafiu. Of the latter, Zanzibar is by far the most important^ 
forming, indeed, the centre of wealth and power. The area of the 
island of Zanzibar is some 625 miles, with a population, estimated, 
of 150,000 to 200,000; some reckoa it larger. The city itself has a 
population of from 60,000 to 80,000. Built of white stone, the city 
has in the distance a fine appearance^ and the variety of its trade 
gives to its bazaars a busy look. In 1879 there were 5,466 
protected British subjects, of whom 79 were British bom. There 
were some 4,000 Comoros bom at Zanzibar, 240 Goonese, 39 French, 
13 Germans, and 8 Americans. The bulk of the population is a 
mixed Arab and African race, speaking the Swahili language, the 
lingtia franca of East Africa. These Zanzibaris are a vigorous 
and intelligent race, having many of the qualities of the Arab. 
They have done good service to African explorers, as to Dr. 
Livingstone, Mr. Stanley, and others. They travelled, indeed, 
with Mr. Stanley as far as the Congo, and have rendered valuable 
aid in his later enterprise there. On the mainland the authority 
of the Seyyid is of wide extent — a distance of 1,050 miles from the 
confines of the Portuguese territory to Warsheikh beyond the 
river Jub.* There are towns on this coast line of some extent^ 
as Mombas, with 15,000; Bagomoyo, 10,000; Kilwa, 15,000. 
The suzerainty of the Seypd reaches also to a considerable extent 
into the far interior, and is i-ecognised on all the great trade ways, 
as, for instance, at Ujiji on the Lake Tanganyika. 

The trade of Zanzibar is considerable, and, with the extinction 
of the slave trade, will be a growing one. With Lidian mer- 
chants this has been the work of many years and of sedulous 
commercial care. Since the opening of the Suez Canal this has 
advanced greatly, thanks especially to the British Indian Naviga- 
tion Company, which has vessels regularly plying. on the coast 
and carrying the mails.! The exports of Zanzibar, as given in 
the Statesman's Year Book 1884, were £870,350 and the 
imports £709,900 for the year 1880. In 1882 the exports are 



* We are indebted for this and other estimates of coast distance to a 
recent excellent publication of Sir Kawson W. Bawson, ** The Territorial 
Partition of the Coast of Africa." Proceedings, Royal Geog. Soc., 7th Nov., 
1884. 

_ ■ 

t By this and the Cape Mail Line the circuit of Africa may now be made 
in some 60 to 70 days. 
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said to have exceeded a million sterling.^ As regards the 
trade with Great Britain specially, the Trade Returns of 1883 
give as imports from East Africa, £282,584; exports, £236,212 
— in all, £518,796. We presume that this East African trade 
was mainly or exclusively with Zanzibar, as Egypt, Abyssinia, 
and Portugal are given elsewhere. With India the trade 
amounted (1883) to, imports, £470,420; exports, £285,438— in 
all, £755,858. Some 85 vessels in 1882 arrived at Zanzibar, the 
total tonnage being 89,733 tons,of which the British share was 
57,540 tons. The trade consists, as regards exports, mainly of 
ivory, orchilla, cloves, Indian-rubber, hides, kc. The imports of 
doth, chiefly cotton, rice, cereals, kerosene oil, kc. The British, 
American, and Crermans are the chief importers. 

It is greatly for the interests not only of this country but of 
legitimate trade in East Africa, and the suppression of the slave 
trade, that Great Britain and India should continue to hold their 
existing relations with the Seyyid. These are of no recent date 
as regards India, rather the growth of many years; they have been 
strengthened by the action of Dr. Livingstone, Sir Bartle Frere, Sir 
John Elirk, and the British Government. It is to this, our posi- 
tion in Zanzibar, that has been owing the successful exploitations 
of Speke and Grant, of Livingstone, of Stanley, of Thomson, and 
Johnston lately. Where would they have been but for such a 
basis as Zanzibar, and the loyalty of its chief? The Great Congo 
expedition must have been also a failure but for the Seyyid and 
British support. It has been said that Germany aspires to a 
protectorate over Zanzibar. We can scarcely credit the idea; 
we hope that, in the scramble for Africa, our Foreign Office 
has given such instructions that there shall be no such unplecksant 
surprise from this quarter. Looking to our long alliance and 
energetic support — to our sacrifices on the east coast of Afiica for 
Intimate trade and to crush the slave trade, and to the prospects 
of Madagascar, it is essential, in the interests both of India, 
Great Britain, and civilisation, that we iirmly maintain our pre- 
dominance on the Swahili coast 

Portuguese Colonies in Africa. 

Of the European colonies in Africa the Portuguese are the oldest 
Madeira^ off the African coast, the earliest of her possessions, 

* •• Territorial Partition of Africa," page 14. 
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dates from 1419, the Azores 1431, the Cape de Verde Islands 
1460, Mozambique and the Islands 1505, Angola 1575. Situated, 
as most of these colonies are, in a tropical climate — we refer 
especiaUy to Lower Guinea and Mozambique — regions long sup- 
posed to consist mainly of low long desei*ts; emasculated too, as 
their strength was, by the slave trade which so long flourished and 
so greatly degraded the blacks ; having introduced also into their 
midst convicts, a reckless and criminal population, there was 
little in these settlements but stagnation, little to draw attention, 
except that they were the oldest of the African colonies, and that 
the territories they claimed were immense on east and west, the 
reputed area being 698,618 square miles. These settlements, it 
is not to be denied, however, have of late made some progress. 
Looking to West Africa in the first instance, to the Lower Guinea 
coast, the effects of the suppression of the slave trade have been 
already visible in the growth of legitimate trade and the develop- 
ment of the resources of the colony. St. Paul de Loanda, the 
capital, beautifully situated on a bay, enjoying daily the fresh sea 
breezes, well built of stone with large commodious houses, is a 
city of some 12,000 inhabitants, a third of whom are Europeans. 
Benguela and Mossamedes are smaller towns, but well built with 
good houses and stores. Inland from Loanda there are the 
" Mosseques," or country houses, with their cultivated plantations. 
Steam navigation has also been opened up on the Kwanza, 'the 
principal river, to a considerable distance, so far as Dondo, some 
100 miles up the nver, nearly to the cataracts. It is proposed 
also to form a railway from Loanda so far as Ambacca, through 
the industrious Bunda country, which already begins to flourish. 
There is also a spirit of enterprise awakened, as seen, for instance, 
in the late western expedition of Serpa Pinto, and in that he 
has just initiated in the east from the Mozambique territory, and 
also in the ably conducted explorations of Ivens and Capello in 
Lower Guinea. Angola as a province, it must be owned, has 
advanced considerably in culture, and compares not disad- 
vantageously with colonies similarly situated. Theii* cordial 
reception and warm hospitality as regards Livingstone, Cameron, 
Stanley, and other African travellers is an honourable trait of 
character. Keligious toleration seems also to be practicaUy con- 
ceded, as, for instance, by Senhor Ferreira de Amaral, as regards 
the Boer settlers in the district of Huilla. The colonists, too, 
whether white or black, appear now to have obtained the full rights 
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of liberty — the franchise, as in the Cape Colony and in the Civil 
department of Algeria, with the piivilege also of sending repre- 
sentatives to the Portuguese Cortes. There seem to be a consider- 
able number of the Bunda-speaking native population, the most 
educated in Angola, who share in this piivilege. While all this 
ought in fairness to be conceded, as regards the Portuguese Lower 
Guinea colonies, there are still serious e\dls to be regretted. Slavery 
has been abolished since 1876 in the colony itself, but it still exists 
among the tribes under Portuguese suzerainty or protection, and 
is fostered by Portuguese traders. It was to the instigation of 
one of these that was plainly due recently the expulsion of the 
American missionaries from Bailunda and £ih6. They were under 
the pledged protection of the Portuguese Government, and prompt 
and energetic action is demanded in this case to show clearly 
that Portugal is determined to put an end to the interior slave 
trade, which has so long had its centre in these regions. It must 
be added here that, as regards the '' libres engages '' shipped from 
Angola to St. Thomas, a Portuguese island off the Western 
African coast, the British and Foreign Anti-Slavery Society have 
full warrant in regarding this sis really a form of slavery, and 
as perilous to the future of West Africa. 

As regards trade in Portuguese West Africa, there is not a 
doubt " that the tariff of Angola proper still maintains differential 
duties, and that vexatious formalities are exacted at Portuguese 
Custom-houses.'' We quote the admission of an avowed Portu- 
guese apologist : — He adds, ^* that these grievances and abuses, how- 
ever, tend to disappear under the influence of the enlightened views 
which now govern the destinies of Portugal." " At Ambriz," he 
writes, " the northern part nearest the Congo, the imports pay a 
uniform duty of 4 per cent, ad vahrefn, while the exports are 
altogether free."* These are views which Mr. Stanley certainly 
does not share in. He affirms that by extra taxes the Portuguese 
manage to levy large additional burthens on foreign trade, f There 
cannot be a question, also, that so long as the present impure 
system prevails in Portuguese administration — with its bribes 
and connivances — legitimate trade cannot be prosperously or even 
safely carried on. 

The eastern Portuguese province of Mozambique has by no 



* " Portugal and the Congo," page 8. Stanford, London, 
f Bianohester Chamber of Commerce, Stanley's Address, page 9. 
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means made so great progress as the western. There is still great 
stagnation at Delagoa Bay, the Zambezi, and Mozambique. The 
wretched convict system has here had its disastrous consequences. 
Convicts, and their half-caste offspring, have been the leaders in 
the slave trade enterprise, as, for instance, Bonga, *' long a scourge 
on the river Zambezi by his piracies''; and Mariano, another, 
who "swept the whole valley of the Shire with fire and sword.'** 
A recent demand for " libres engages " for Reunion has inspired 
also the native chiefs with the desire to share in the trade at Ibo, 
off the Mozambique coast, where French vessels are found to 
transport them. All this has led to recent complications, 
disturbing the peaceful growing trade being carried on by the 
Shir^ with the inner lakes. Without entering into details, 
the causes can be clearly traced to the laxity of Portuguese 
rule, arising fix>m its convict population, and to the connivanoe 
of its officials still in the slave trade on the coast. 

As regards this eastern province of Portugal, the most favour- 
able circumstance has been the more liberal tariff conceded in 
1877, the opening up of the coasting trade to foreigners, and the 
moderate transit duty, fixed at 3 per cent, ad valorem A This 
has been a movement in the right direction, and contrasts favour- 
ably with French differential duties, which, at the Gabun, it 
was recently stated, exceed 60 per cent. | It has helped to open 
up legitimate traffic on the Zambezi, and especially with the 
great inland lakes. The growing trade of the African Lakes 
Company, having its seat in your city, is being gradually extended 
beyond the Shir^ and Lake Nyassa, by the Stevenson Hoad, 
now being constructed to reach Tanganyika. A steam launch 
has been, by means of this company, transported in safety to the 
southern shores of Lake Tanganyika. There is thus a water 
way to the interior of ** fully 1,400 miles, with only 275 miles 
of land carriage throughout the whole of it " — " a route from the 



* '* The Water Highways of the Interior of Afiica," by James Stevenson, 
F.R.G.S. Maclehose, Glasgow. 

t For the details of this tariff, see Mr. Stevenson's ''Water Highways," 
Appendix, page 2C. He states that there have been since some changes. 
** In 1880 the import duty on shirting was equal to 17i per cent., on drills 
7i per cent., and on 8car\'es 9 per cent, ad valorem.^* While the transit 
duty remains the same, we have been informed that, from causes trace- 
able to colonial insecurity, higher rates have been charged for transit goods. 

X Timei, Ist January, 1885, page 3. 
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mouth of the Shiro northwards, explored and opened up through- 
out by British subjects." This opens up vast possibilities of 
oommeroe for the future. It is greatly to be desired that these trade 
arrangements with Portugal were secured to commerce by a formal 
treaty. An attempt was made by Sir Edward Malet lately to have 
the Zambezi and this great inner highway embraced in the same 
arrangements as the Congo region. Even if not thus included in 
the same formal act, some successful arrangement, it is to be hoped, 
may be reached, securing free trade and f i*ee navigation for the whole 
Ea8t African trade. There is less room here for an exclusive colonial 
system such as France favours in her West African settlements. 
On the Zambezi itself, as well as on the inland lakes, there are 
vast fertile regions to be opened up for trade. There is to the 
South of the Zambezi, Mashonaland, which British traders have 
deaoribed to us as among the most fertile regions of South Africa, 
as rich as the Transvaal, where even the European colonist might 
live and thrive. It is to be hoped that the great commercial 
influence of Glasgow, allied as it is by various interests to East 
Africa, may be given to keep this question of East African com- 
mercial freedom and extension before public attention. If Bremen 
and Hamburg can inspire even a Bismarck with so much zeal in 
their cause, it is to be hoped that a centre such as Glasgow may 
not have less weight at the Foreign Office. 

Delagoa Bay, the southern point of the Portuguese eastern 
territory, seems to have a better future opening before it than its 
dismal past. Nothing until lately could have been more dreary 
— " A mass," as it has been described, " of grass, huts, reeds, fences, 
decayed forts^ rusty cannon, with a small proportion of Europeans 
and a large of half-castes, Banyans, Mussulmen, Bechuanas, and 
Tongas." The territory inland extends to the Lobombo range of 
hills. The great advantage of Lourenzo Marquez, the port here, 
is its noble and spacious harbour, the natural outlet of the Transvaal. 
There can scarcely be a question now that the long-proposed rail- 
way to the Transvaal will be carried into execution. This to the 
distance of some 66 miles into the interior remains exclusively, 
we believe, under Portuguese power ; beyond this, the Boer railway 
concession is said to be mainly in German hands. The interests 
of British South Africa render it of no little importance that 
British and Colonial capitalists should have their fair share in the 
Portuguese part of the line. 

In addition to Mozambique and Lower Guinea, Portugal lays 
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claim to the coast from Ambriz northwards beyond the Congo to 
5* 12' S. Lat. This has been so far conceded in an arrangement 
made with the African International Association. Portuguese 
territory is to extend up from Ambriz to the Ck)ngo; then on the 
south side of the river it reaches up including Nokki, striking then 
due eastward, it extends to the Kwango. On the north side of the 
Congo, passing over some 38 miles, which is to belong to the 
African International Association, Portugal holds from Red Point 
on the south to Massabe on the north, where is the French 
frontier. Portuguese possessions on the north of the Congo are 
thus an enclave. Further north beyond the Gabim, St Thomas 
and Prince's Island foim part in the chain of islands to the 
south of Fernando Po belonging to Portugal; there is also a 
Portuguese Fort at Ayuda on the Slave Coast* with a number of 
detached districts south of the River Gambia. Further north 
there are the more valuable possessions of the Cape de Verde 
Islands and Madeira. The total area of the African Portuguese 
possessions has been estimated, as we have ali*eady stated, at 
698,618 square miles. Mr. Ravenstein's estimate reduces this 
to 197,700 square miles, which is probably more correct if we 
estimate the land really occupied and protected. The total 
population again has been given as 2,874,414, i*educed by the 
same authority to 1,879,000.1 The trade of the African Portu- 
guese colonies it is difficult to ascertain. The imports into 
Portugal from her African colonies in 1880 amoimted to £150,964* 
the exports, £390,840 J— total, £541,804. This informs us of 
the trade with the mother country only. From the British 
Trade Returns of 1883 we learn that the imports of British 
goods into the African Portuguese colonies were £163,056, and 
the exports £371,597— in all, £534,653. § We are informed in 
a Statement prepared by the Lisbon Geographical Society that 
the African Portuguese exports and imports amounted in 1876 to 
£976,550. II We may probably conclude that they now exceed a 
million sterling. The principal exports are caoutchouc, coffee, 
gum of all sorts, ivory, nuts and kernels, palm oil, &c., (fee. As 
imports, cottons hold by far the highest place. 



* See Map, Senegambia and the Coast of Guinea, at the beginning. 
+ ** European Possessions in Africa.*' OraphiCf 20th Dec, 1884, p. 642. 

:;: Statesman's Year Book, 1884. 

§ Annual Statement of the Trade of the United Kingdom, 1884. 

II ** Portugal and the Congo," p. 7. Stanford. 
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British Colonies in Africa. 

The earliest of the British colonies in Africa are those on the 
West Coast, beginning with Gambia, founded 1G31; St. Helena, 
1651; Gk)ld Coast, 1661; Sierra Leone, 1787; Ascension, 1815; 
Lagos, formerly a great centre of slave trade, 1861. The 
Southern British African colonies belong to this century — the 
Cape of Grood Hope, 1806, Natal, 1838. Great Britain has also 
lately placed under her protection, or has annexed, the Niger 
territory, extending on the Benin Coast some 320 miles from Odi 
on the west to Rio del Bey on the east. This gives an extent of 
coast line in Africa — west, east, and south — of 2,337 miles. Were 
we to add to this Lucia Bay and the Zulu Coast up to the South 
Portuguese frontier in East Africa, the total extent would be 
2,527 miles. This is a little less than France possesses if it has 
taken under its protectorate, as has been lately stated, the coast line 
from the Senegal up to Cape Bianco, but it does not at all represent 
the ,same amount of territory. The area occupied in Africa 
by Great Britain is 268,507 miles. This includes the islands of 
St. Helena, Ascension, and Mauritius, with an area of 789 miles. 
The total population is estimated at 2,598,741 — the whites 
approximately at 340,000. The total trade of these possessions, 
we gather from the Colonial Blue Book of 1883, was, excluding 
Mauritius — 

Exports,... ... ... £7,066,139 

Imports, 9,722,953 

Total, £16,789,092 

If we add the exports and imports of Mauritius, amount- 
ing to £6,595,817, the sum total for the African colonies is 
£23,384,899. If we look, again, to the trade of these colonies 
exclusively with Great Britain, we find that the sum total is — 

Exports,... ... ... £6,045,868 

Imports,... ... ... 7,195,715 

Total, £13,241,583 

If we add here the exports and imports of Mauritius with Great 
Britain, amounting to £1,262,205, the total amount is £14,503,788. 

It will be observed from these statistics how very large a 
proportion of the British African colonial trade is with the mother 

Vol. XVI. ii 
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country. Sir Rawson W. Eawson, in his comprehensive paper on 
"British and Foreign Colonies" (page 59), furnishes interesting 
details on this subject. Taking the triennial period, 1881-83, the 
"Percentage proportion of trade with the United Kingdom to 
total trade" is, for the Gambia, 29*8; Sierra Leone, 54*1 ; Gold Coast, 
75-1; Lagos, 49-3; St Helena, 29-2; Cape of Good Hope, 81-7; 
Natal, 78-6; Mauritius, 17 '4. The proportion in favour of Great 
Britain, it will be observed, is especially lai^e as regards the South 
African colonies. It is clearly shown thus, that apart from 
differential duties, on fi*ee trade principles, trade follows the flag. 

Of these British African colonies, those extending from the 
Gambia southwards along the Guinea coast, and terminating at 
Rio del Rey, may be regarded as forming a group by themselves. 
They are rather commercial settlements than colonies strictly, the 
tropical climate and the unhealthiness of the coast rendering a 
residence there, dangerous for the European. The map which 
accompanies this paper will be of use in enabling the reader to 
mark the extent and limits of these various possessions.*^ It also 
indicates the coast line occupied by the other European settlements, 
now so crowded along these shores. There is one German com* 
mercial settlement omitted lying to the north of the Los Islands, 
betwixt the rivers Dubrecka and Brahmia. The intelligence of this 
annexation had not arrived when the diagram was prepared. The 
extent of coast line here occupied by Great Britain may be reckoned 
as about 1,040 miles, but this includes the coast from Odi on the 
Benin coast to Rio del Rey, a distance of some 320 miles lately 
placed imder the British protectorate. As this is not included in 
the Colonial official returns, we shall notice it apart subsequently, 
in connection with the arrangements agreed upon at the Berlin 
Conference for the Congo and the Niger. The ai^ea occupied by 
these settlements may be stated approximately as some 18,000 
square miles in extent, and the total trade with the same excep- 
tion as to the Niger teiTitory, amounts to some three millions 
sterling. This might be vastly increased, if greater efforts were 
made to reach the interior, and to encourage the native chiefs there 
by subsidies or salaries to accept our protectorate, and facilitate our 
trade transactions. 



* The map or diagram — " Senegambia and the East Coast of Guinea' — 
was prepared by Mr. E. G. Kavenstein. Since it was printed the German 
frontier has been extended from Bimbia to Rio del Bey. 
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The remaining British Colonial possessions in Africa are almost 
excluaivelj in the south. There are, indeed, some isolated posi- 
tions occupied on the north-east coast of Africa adjoining the Red 
Sea at its southern entrance, but these may better be noticed in 
connection with the neighbouring French and Italian stations. 

British South Africa. 

In South Africa there has been of late the appearance of a 
colonial scramble for territory, both in the interior and on the East 
and West Coasts, and we have not yet seen the end of it Before 
turning our attention to this, we may state some facts regarding 
South Africa generally. Our colonies there are undoubtedly the 
most important we hold in Africa, and they are of growing value. 
The area of the Cape Colony, as given in the last returns, is 
199,950 square miles, and the population is 1,249,824. The area 
of Natal, again, is 18,750 square miles, and its population 418,731. 
The total area occupied is thus 218,700 square miles, and the 
population 1,668,555. The line of coast from the Orange 
Rirer on the west to the north of Natal is 1,320 miles, or, if 
Zululand be included to Delagoa Bay, 1,510 miles. The 
white population in these colonies may be given as some 
330,000. The total trade of British South Africa in 1883 
amounted to £14,097,811— the imports being £8,432,049 and the 
exports £5,665,762. This, as we have already stated, is a large 
part of our African trade, and it has been steadily growing, some- 
times with leaps and bounds. 

The South African colonies are important thus from their 
growing commercial value; they are not less so to Great Britain 
from their geographical position. Simon's Bay, our only South 
African naval station, may be said to hold to the world's trade a 
position scarcely of less consequence, than Gibraltar to the Medi- 
terranean. So long as we have free communication by the Suez 
Canal, it may be of less consequence for the expedition of trade or 
of troops to India ; but a block there may so readily occur, and its 
consequences might be hazardous or even disastrous. So long, 
on the other hand, as we hold the Cape, our communications east 
and west — British, Canadian, Indian, Australian, are secure. The 
passage by the Cape to Australia is, indeed, scarcely longer now 
dian by the Suez Canal, and with our powerful fleet of Cape and 
Australian steamers, the difference betwixt a passage through the 
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Canal to Bombay, and a Cape passage to the southern extremity of 
our Indian railway system, need scarcely exceed four or five days. 
For troops, in case of war, the passage would be far safer and also 
healthier and more bracing. Then we have to consider that no 
limit has yet been fixed as to the size of swift seargoing steamers. 
Already the Suez Canal, unless it be deepened considerably, cannot 
pass our more enlarged and ever-enlarging war and commercial 
steamers.* 

It is urged by some that, retaining Simon's Bay, Great Britain 
might safely leave her South African colonies to their independ- 
ence. But could we thus in justice abandon that large British 
colonial population still loyal to the mother country, as has been 
lately so clearly shown, and to whom South Africa owes mainly 
its remarkable progress and development 1 Can it be reasonably 
anticipated, also, that white races in SouthA frica, less than half a 
million in number, even including the Boers, and divided in 
nationality, surrounded also by millions of blacks — races that will 
certainly not die out except by wars of extermination — can hold 
safely South Africa, along whose southern shores there passes and 
repasses even now, so much of the world's commerce 1 The pro- 
bability is, if abandoned by us, that some other protectorate will 
be sought; and if it be Germany, to which indeed the Boers already 
turn, is it likely that we should be left in quiet possession of 
Simon's Bay ? If Spain grudges us Gibraltar, would a great 
Imperial Power accept a position always threatening to her 
influence, and endangering, in the case of war, her command 
of the seas ? We certainly could not rely on the probability of 
this, and our ablest Colonial statesmen repudiate the notion of 
such a moihis viveiidl. British hold of South Africa is intimately 
allied to the unity of our Colonial empire. A military empire is 
only strong if its parts cohere. Such a world-wide maritime 
empire as ours may not require the same close contiguity. Still it 
can only be held together by retaining great maritime naval stations 
for coaling, for refitting its fleets, and as naval fortresses to which 
its ships can retire if worsted in the open seas ; thus keeping 
within touch, as it were, the organic parts of the empire. 

The question of annexations is now deeply agitating South Africa, 
and British feeling is also seriously being moved. The recent Boer 

* It is proposed now to deepen the Suez Canal to some 29 feet, but will 
even this be enough ? 
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aggressions in Bechuanaland deserve here the first place. The 
annexation of Angra Fequena has its importance, but it does not 
so vitally affect the future of the British South African colonies. 
In giving this place to the Bechuana question, we express the judg- 
ment of statesmen who have so carefully studied it as Mr. Foi*ster 
and Earl Grey, of the British colonists generally of South Africa, 
of the higher mercantile classes, of the friends of the aborigines, 
and of the missionariea They are of the opinion that to yield here 
once more to Boer aggression must endanger that colonial pre- 
dominance which, for three quarters of a century, we have held in 
South Africa, and to imperil that humane policy, as regards the 
native races, which we have sought to pursue. Were Boer rule 
to gain the upper hand there would certainly begin again that fierce 
war of races, which it has been to the honour of our South African 
rule, if not altogether to have averted, yet in large measure to have 
diminished. 

It may be asked why should the question of the Boer invasion 
of so limited a strip of country as that held by Mankoroane and 
Montsioa bear so senous a character? The answer is, that such an 
extension of their territory would practically bar our way to the 
north, greatly strengthen the Boer power, and enable them to 
extend to all the native races, reaching on to the Zambezi, their 
miserable and degrading system of native rule. We might add, 
why permit the Boer now to make an encroachment, which a wise 
Colonial policy forbade in the past] why permit inoffensive tribes 
such as the Bechuanas, now advancing in civilization, owing to the 
noble laboui-s of such British missionaries as Moffat and Living- 
stone, to be deprived of their lands and turned into serfs? why too 
abandon to the Boers a trade through Bechuanaland to the north, 
which, according to the estimate of Mr. Southey, late Lieutenant- 
Governor of Griqualand, a competent authority, is already of the 
value of a million sterling, and, with advancing commerce on the 
Zambezi, has before it great possibilities in tlie future? But we 
still place in the foreground here the question of the native races 
and their future. It is not only our Colonial African interests, but 
those of humanity, which are at stake in arresting the extension of 
the cruel Boer native system. Our treatment of the native tribes 
of South Africa must have important relations to the future 
elevation or depression of the whole native races of Africa. In 
South Africa at present the relation between Boer and British is 
not unlike that of North and South in the great conflict in the 
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United States. The Boer is very much in the position of the 
Southern slaveholder, fighting as he said for his State freedom, bat 
still more for his domestic slave system. And there is the further 
analogy, that the American question began, not as to the existence, 
but the extension of the slave system. Only let it be extended in 
the Territories, and it was felt the South woidd be safe. But Mr. 
Lincoln and the North wisely judged "Obsta principiis" — the 
extension was chosen as the battlefield on which to fight it out; 
victoiy lost or won would, it was felt, determine the destinies of 
the Kepublic. In South Africa — if the Boer be thus permitted 
to extend his power over the West and the North, robbing the 
natives of their lands and subjecting them to his harsh, arbitrary, 
cruel rule, better almost to abandon South Africa than to hazard 
such a future, with its complications, its endless outbreaks, its 
cruel massacres. 

To support the view thus stated, we must say something more, 
especially as to the Boer rule of the natives. One of the funda- 
mental laws passed soon after the Sand Kiver Convention with 
Great Britain, 1852, was "that the people will admit of no 
equality of persons of colour with white inhabitants, either in 
church or state." A principle such as this, rooted in the consti- 
tution of a society, must carry with it grave consequences. Lord 
Shaftesbury has said of it — " With such a fundamental law is it 
anything more than a necessary transition to the conclusion that 
the coloured people should be contemned as being of an inferior 
order, and fit only for slavery.'* The meaning of the declaration 
is indeed apparent in the fact that the natives are not permitted 
to own land under the Boer, simply to occupy it, and this in their 
own countrv, and the land theii*s from time immemorial. Their 
position is really that of serfage, intended to stereotype a race in 
a condition of inferiority and tutelage. Sir Bartle Fi*ei-e has 
stated that the condition of the natives under the Boer has some 
analogy to that of the same class in Java under the Dutch ; only 
in the case of the Boers this is aggravated by their want of 
education and culture, their strange religious notion that the 
natives of Africa are the Canaanites doomed to destruction, or 
at least to be hewers of wood and drawers of water; and by the 
little authoritative restraint, in their somewhat patriarchal style 
of rule, which the government can venture to exercise over Boer 
proprietors and their families. 

Such a system is perhaps the logical outcome of a state of 
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society in which a Boer family fancies that it is living under its 
dignity if it does not possess some 5,000 or 6,000 acres of land. 
At present there are only some 40,000 or 50,000 Boers in the 
Transvaal, a territory estimated to be nearly as large as France; 
and were it indeed fully occupied on their system, it would have 
room only for some 15,000 to 20,000 families— or say 100,000 
Boers with their native dependents. Out of this system naturally 
arises the land-hunger which marks the Boer, leading to such 
invasions of native territory as those of Stellaland and Goshen 
on the west, and Ziduland on the east.**^ Let it be noted hei'e 
that an extension of sovereignty with the Boer does not mean, as 
with us, a mere transfer of supreme rights — as for instance, of 
Alsace from France to Grermany — individual property retaining 
its rights. It is rather analogous to older conquests, such as the 
Norman in England — the original proprietor deprived of his 
lands, to be handed over to the conqueror. And here it is surpris- 
ing to find even British statesmen, whose duty it is to master such 
questions, apparently ignorant of the difference, and speaking as if 
a change of sovereignty from the native chief to the Boer might 
be after all a favourable exchange : ignoring the fact, that the 
tribal lands are communal, and that no chief, however arbitrary, 
could venture to appropriate them; while on the other hand the 
Boer seizes them as his own, and reduces the native occupant to a 
place of absolute dependence. 

Along with this land-hunger the Boer has also the desire to 
obtain those who may cultivate for him the soil he has thus appro- 
priated. Hence, those cruel Commandos, infamous not only for the 
spoliation of native lands, but for the murder, in cold blood, of the 
adult male natives; the women and children alone being spared. 
There have been thus as flagrant cruelties perpetrated in South 
Africa by the Boers as by the Arab and Portuguese slave-traders 
in Central Africa. To avoid breaking the letter of the Sand River 
Convention forbidding slavery, the young captives are indeed called 
apprentices, and the legal arrangement is that they remain thus 
until the age of 21 — an age, however, which, under Boer rule. 



* Aa an illustration of this, the Boers, who lately invaded Zululand and 
took part in the crowning of Dinizulu as king, stipulated that the President 
of their new Zulu Republiu, with five other leaders, were each to obtain 
12,000 acres of land, and the remaining followers, amounting to 1,250, 
2,000 acres each where it could be got. — Letter of Hen' Einwald in the 
" Times.'* 
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manj are never supposed to pass, until perhaps in old age they are 
flung off to live or die as they may. Nor is it only by Commandos 
that these wrongs on the natives are perpetrated. The Boers are 
skilful, or rather crafty, in turning one native tribe against the 
other, and then in the end coming in to purchase as apprentices 
the orphan children left alive after the ravages. 

No more signal proof of the cruelty of this Boer rule can be 
given than in the words of many of the Tittnsvaal chiefs who had 
for a time been emancipated from the thraldom by British rule, 
when told at the last by the British authorities that the Transvaal 
was to be given back to the Boer, and that they were again to 
become the subjects of their old masters. We quote here only one 
or two sentences. One chief said : " We black people have been 
treated as beasts of burden. We were forced by the Boers here, and 
they pierced our noses and made us pack-oxen." Another chief: 
'^ Is it right that I should be seized, and laid on the ground, and 
be flogged, as has been done to me and other chiefs?" Another 
chief : *' I am old and cannot be moved about. This is caused by 
floggings and ill-treatment by the Boers." The drama, in foxst, 
even of an Uncle Tom gives an inadequate idea of the barbarities 
that have been perpetrated on the South African native races; and 
this not only on the rude uncivilised, but even on educated 
civilised Christian natives. Any number of witnesses can, if 
needed, be adduced in proof of this cliargc. 

It has been urged against this view of Boer oppi*ession, how is 
it that the ]:>opulation has so gi*own in the Transvaal 1 How this 
immigration into the colony? Mr. Sou they, to whom we have 
already referred as a competent authority, replies to this that a 
small part of the Transvaal first occupied by the Boers at Pots- 
chefstrom — dis{>eopled by the wars of Chaka and Moselikatze — 
may owe something to immigration, but as regards the vast 
territory of the Transvaal subsequently annexed, it had always 
been largely peopled. The increase of native population has been 
owing really to annexation. It is quite different in Natal. There 
the immense growth of native population is owing to immigration 
from Zululand, and can justly be regarded as a proof of the 
clemency and justice of British rule. There is no basis for such 
reasonihg as regards the Transvaal. 

We say no more on this Boer rule; their system and ours are 
incompatible ; they aspire with their Afrikander bond to over- 
throw our system and expel our rule. If we, on the other hand, 
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are to hold South Africa, and to make our rule such as will promote 
the progress and elevation of the native races, we must resist 
the aggression; and we cannot fight the battle out on better 
ground than in resisting their violent and -i-uthless invasion of 
Bechuanaland. 

The history of the Bechuana question may be shortly given. In 
1871, when the Boers were hard pressed in the Transvaal, they 
agreed to accept British arbitration as to the extent of territory 
they were entitled to hold on their south-western frontier. The 
result was, what is termed the Keate award, which was unfavour- 
able to them, and with which they were not satisfied, but did not 
venture openly to oppose. At the Pretoria Convention (August, 
1881), a new boundary line was given, conceding much, which 
the Keate award had refused. It deprived the native tribes 
of a considerable tract of country, and it was against the will 
of Moutsioa and Mankoroanc, but they submitted to British 
authority. Before the Convention was ratified, the raids, how- 
ever, again began, native territories were invaded and seized, 
and oat of their new acquisitions the Kepublics of Stellaland 
and Goshen were formed. They were not indeed annexed to 
the Transvaal. That would have been too directly in the teeth 
of the Convention; but they owed their existence to its conni- 
vance and support. It was this that led to the late Conven- 
tion of 1883, agreed to between the Boer Commissionei-s and 
Lord Derby, by which still further concessions of land were made 
to the Transvaal, but a line of road still left open for British 
trade to the North. It was this latter Convention which Mr. 
Mackenzie was appointed to carry out, as Kesidcnt Commis- 
sioner, under Sir Hercules Robinson as High Commissioner, and 
enjoying, we believe, his cordial support. There is scarcely a 
doubt that if he had had a proper police force to support him, 
the Convention would have been respected, but for want of it 
the mission was a failure. Mr. Mackenzie was forced to retire. 
Mr. Bethell an authorized Police Agent, was murdered in cold 
blood. Montsioa was forced to sign a treaty, despoiling him 
of almost all his lands. This was an outrage on international 
morality which neither British nor Colonial feeling could tolerate, 
and hence the new and well-equipped expedition under Sir Chai-les 
Warren, sent out to enforce respect for the boundary line accepted 
at the Convention, and to compel aggressors on the native lands to 
quit the protected territory. 
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This expedition, while reaUy Imperial in its origin and character, 
was for some time delayed in its action in consequence of Lord 
Derby's arrangement, that the Cape Colonial ministers might first 
try what might be affected by negotiation before proceeding further. 
And here it is necessary to notice the position which the Cape 
Colony and its ministei*s occupy to the British Colonial Office. 
We must venture thus on a brief digression to indicate the method 
of our Colonial iiile in South Africa. Without some idea of 
this, South African questions are difficult to apprehend, while if 
this be understood they can readily be judged. Sir Hercules 
Kobinson is at once the Governor of the Cape Colony and Her 
Majesty's High Commissioner. In the former capacity his powers 
are limited to the Colony, and he acts on the advice of his 
ministei's ; in the latter his authority extends beyond the Colony 
to native races under British rule or protectorate. We may take, 
as an illustration of this distinction, Basutoland. It was annexed 
to the Cape Colony, and when the latter obtained responsible 
government, it was subject to the rule of the Cape Parliament^ 
although the Basutos were not represented in the Cape Legis- 
lature. Their exact position we do not here define, as it is beyond 
our purpose. But the results of this Colonial rule were complica- 
tions, and the late war with heavy military expenses. The issue 
was that the Cape Colony proposed to hand over Basutoland to 
the rule of H.M. High Commissioner, and this, with some condi- 
tions, for which Lord Derby stipulated, was finally agreed to. 
Basutoland is thus under the rule of the British Colonial Office, 
not of the Cape Colony. The distinction will explain why Lord 
Derby delayed the action of the expedition. The Cape Colony, it 
was understood, was willing to annex a part of Bechuanaland 
adjacent to the Cape frontier, mainly occupied by Boers and other 
settlers and called by them Stellaland. There are a number of 
settlers here, it is stated, who can establish just titles to their lands, 
obtained by purchase or concession, not by violence and invasion. 
These are willing as Colonists to be annexed to the Cape Colony 
with its constitutional rule, but refuse to be placed with the native 
tribes under H.M. High Commissioner. Hence the delay now 
happily at an end; what the solution really will be as to the 
annexation the future will decide. 

The design of Sir Charles Warren's expedition is, however, a 
much wider one. It is to guard the new Western frontier from 
Boer aggression, and to aiford protection to the native tribes and 
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chiefB of the Bechoanas lately assailed. Our protectorate, if it is 
to be of real value, ¥dll need to be extended farther North than 
Mankoroane and Montsioa. If our commercial way to the North 
is to be kept open, it must include also Shoshong and the terri- 
tories of Elhame, the wise and noble Christian chief of the 
BamangwatoB, whose rule extends northwards to the Zambezi, 
and westward in the Kalihari desert to Lake Ngami and its 
chiefs, of whom he is the feudal superior. With this Protec- 
torate, which Elhame so eagerly desires to save him from the 
Boers, we should have a well-defined line separating us from the 
Overmans on the west and from the Matabeles and Boers on the 
east, securing our Colonial predominance, to which we are so justly 
entitled in East-South Africa. This long-extended line it cannot 
be expected that the Cape Colony can undertake to guard. If it 
found Basutoland beyond its resources, this would entail on a limited 
population too great a burden. For Great Britcdn and for British 
commerce it opens up a wide field in the future. 

There is another and a higher reason, we think, why this 
extended protectorate should be in the hands of the High Com- 
missioner rather than of the Cape Colony. It will be better and 
safer for the native races. South Africa differs from all our other 
Colonial possessions in this, that there arc strong Colonial and 
native elements, neither of which can be left out of account. We 
find it so also in Algeria. South Africa is, to use the Roman 
expressions, at once a Colonia and a Provincia. In combines the 
Colonial element — as Canada, for instance — with the Provincial, 
as our Indian rule. The Colonia must have its self-government ; 
the Provincia is not ripe for it. To subject the latter to Colonial 
supremacy is hazardous to the native, both as regards his person 
and his property, as is very conspicuously seen in the Boer rule of 
the Transvaal. In the British South African colonies it does not 
exist, for in Natal the natives are not under the Colonial Legisla- 
ture; in the Cape they are enfranchised, and enjoy all the liberties 
of citizens. It is better thus for the native races that they should 
continue under the rule of the High Commissioner, with his staff 
of magistrates until the natives are so far educated as to be fitted 
for the full rights of the franchise. In the United States indeed 
the question of black and white has been solved by the immediate 
admission of the blacks to all the rights of citizenship. But this 
is scarcely yet possible in South Africa. Some of the tribes are 
not yet sulficiently educated and civilised, although there are 



124 Philosophical Society of Glasgow. 

many already of the Basutos and Bechuanas fully qualified for it 
There is this difference, too, as regards the natives in South Africa : 
in America the blacks, whatever their growth in Dumbers, are yet 
but a fraction of the population ; in South Africa they constitute 
the vast majority. We have dwelt upon this subject at some 
length, for it is necessary to understand the real position of South 
Africa, and it may illustrate what ought to be the ideal of coloniza- 
tion in Africa generally as regards the aborigines. This is 
certainly not to cnish nor exterminate them; nor should it be 
" laissez faire^^ to leave them as they are — in their rudeness and 
barbarism; nor should it be to treat them as helots, holding them 
in tutelage, crushing down all higher aspirations ; but rather the 
aim should be to qualify and educate them for the enjoyment of 
all the highest benefits of liberty, civilisation, and Christianity. 
The native South African tribes under the British protectorate and 
the rule of the High Commissioner may be compared to the rule of 
the Territories in tlie United States. They are not States as yet, 
but they are preparing for this, to be admitted in the end to all 
the rights, privileges, and responsibilities of constitutional rule. 

Sir Charles Warren having organized his military force, which 
is said to amount to 3500 men, had by last accounts passed the 
frontier. He is stated to be accompanied by Mr. Mackenzie 
and others, who are thoroughly versant with native and Boer 
affairs. A conference has been held with President Kriiger, 
who professes to stand by the recent Convention, and gives as 
an apology for the late Transvaal proclamation, annexing the 
Republic of Goshen, that they did not know it to be under the 
British protectorate. Sir Charles Warren has invited the Trans- 
vaal Government to aid in placing beacons to mark out the 
boundary line between the separate States, and has expressed his 
resolution to exclude from the British protectorate all who have 
no just title to the lands reserved for the native tribes. It remains 
to be seen if there will yet be armed resistance. There are said to 
be a thousand Boers at Rooi Grond, the chief settlement of Goshen, 
and another thousand in Zululand. Much as to the future will 
depend on the impression the Boers form as to the British fighting 
strength, and as to the firmness of British resolution to allow no 
further aggressions. Those at the head of the Transvaal and 
Orange States will hardly hazard a war. Were their new and 
powerful German neighbour on the West to aid them, as France 
did our North American colonies in last century, it is probable the 
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Afiikander bund would see that the hour had arrived for immediate 
action. 

A new question has lately arisen in South-East Africa, as to the 
coast line of Zululand. Herr Einwald, a South African traveller, 
lately visited Dinizulu, son of Cetywayo, who has been proclaimed 
chief of Zululand, presented him with a musical box, it is said, 
with other useful gifts, and obtained in return the possesion of a 
large tract of land around St Lucia Bay, with sovereign rights 
over it Herr Luderitz, the proprietor of Angra Pequena, has 
since received the contracts for this property, and has placed his 
newly-acquired property under the Gei-man protectorate. Mean- 
while, the British war vessel " Goshawk '* has hoisted the British 
flag at St Lucia's Bay, and it is said that the coast up to the 
Portuguese frontier has been annexed as British. So far as we 
know, no authoritative statement has as yet, however, been pub- 
lished on the subject 

The question is one of grave importance. The present crisis 
can be traced back to the resolution of the Colonial Office, as 
expressed by Lord Derby in Parliament, that beyond the pro- 
tected territory, Zululand was outside of British action. The 
Usutus and Usipepus, rival tribal forces, were thus to be left to 
fight it out and to settle their own future; and on the death of 
Cetywayo it seemed that, submitted to this ordeal, Usipepus' 
party and Ham's would gain the day. Had this been the issue, 
there might have been peace, as the TJsipepu party has always 
been strongly in favour of the British alliance. But this was 
prevented by the Boers coming into the field. The Usutus asked 
their aid, and this was granted, on the plea that the prevailing 
anarchy and bloodshed in Zululand were perilous to the safety of 
the Transvaal border. As Great Britain repudiated the responsi- 
bility of intervention, they were prepared to undertake it. With 
the Boer, too, the memory is still fresh, that it was he who con- 
quered Dingaan and placed Panda, the father of Cetywayo, on the 
throne, and that the protectorate of Zululand is thus rightly his. 
And here, as to this intervention of the Boers in Zululand taking 
place thus openly in the sight of South Africa, it may be asked how, 
if we possess suzerainty over the Transvaal, did not the Colonial 
Office at once stop this ] The only reply can be, either that Lord 
Derby did not hold the Transvaal responsible for this action of the 
volunteer Boers, or that he was not unwilling that they should 
obtain the predominance in the part of Zululand not annexed. 
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The result is known : the Boers were present, and took part in 
the crowning of Dinizulu ; and in return they have claimed and 
obtained lands for their services, and propose establishing a Zulu 
Republic. 

This anarchy in Zululand has moved others besides the Boers. 
The colonists of Natal, with their Governor, Sir Henry Bulwer, 
alarmed for their own political future, have been ui^ent for 
a British protectorate. This the Zulu tribes also but recently 
almost unanimously implored. The Church of England mission- 
aries have not failed to describe in dark colours the disasters en- 
tailed on their mission settlements and converts by the present state 
of affairs. Bishop Mackenzie writes thus, abandoning all hope of 
British action: — "At present I am forced to say — I think the 
probable future is a Boer Kepublic, embracing Zululand and Swazi- 
land, Reserve and all, with farms and townships, except in some 
parts which are not so good for white men.*' This is, in fact, to 
consign the brave Zulu race, for want of a better fate, to a state of 
serfdom. The German missionaries in Zululand also complain: — 
" It would have been easy for the English after the overthrow of 
Cetywayo to have restored peace and order. In place of this a 
cruel war has brought this noble Zulu people to the vei^ge of 
destiniction. Our missions have suffered dreadf uUy. The stations 
are wasted, and the missionaries, as well as converts, are either 
murdered or fugitive." If Great Britain refuses to act Germany 
may, in these circumstances, very fairly say — We decline to leave 
our missionaries, their settlements, and their property thus ruined; 
we shall assume the protectorate of the part of Zululand left 
unannexed. There is no reason to doubt that the motives of Herr 
Einwald in his action were philanthropic. He has stated how 
much be commiserated the condition of the Zulus. He was not in 
favour of handing them over to the Boers, and, as the British 
Colonial OfEce declined to intervene, it seemed thus a legitimate 
and merciful couree to secure for them the protectorate of Germany. 

The plain issue in the whole circumstances is that we must 
either hold to our annexation of St. Lucia Bay and of upper Zulu- 
land up to the Portuguese frontier, or we must leave it to other 
independent Powers to do this, if they so decide, especially if they 
have interests to protect. As regards the Transvaal, its acceptance 
of British suzerainty bars the way to any claim to annex Zululand 
without our permission. In reference to Germany, the Cologne 
Gazette speaks of Great Britain as a bull-dog imable to colonize 
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these regions, yet determined to prevent others. It is impossible 
for US to vindicate such a position. As regards Herr LUderitz, 
any rights of property he can legitimately establish must be con- 
ceded ; but the rights of sovereignty at St. Lucia's Bay may be 
barred on two grounds — First, Panda, it is averred, made a free 
grant of St. Lucia's Bay to Great Britain; and even if before, it 
was nerer formally taken possession of, this does not take away the 
right internationally. Then, secondly, apart from the fact, that it 
is doubtful if a supreme chief could surrender sovereign rights 
without the consent of the other ruling chiefs, or hand over tribal 
property without the chief who owned it, in this case Somkeli, 
giving his consent, the sovereign rights of Dinizulu over Zululand, 
have not been recognised by us. Let us hope, in the vital interests 
of South Africa, that we shall now assume and vindicate our pro- 
tectorate over Zululand. 

There is only one other small British settlement in South Africa 
we notice. Walfisch Bay lies on the south-west coast, to the 
north of the Orange River and of Angra Pequena. In consequence 
of the Grerman annexations it forms now an enclave on the coast 
(23^ S. Lat). After passing Saldanha Bay it is the finest 
harbour on the south-west coast. It opens to the north, and, as 
the north winds are local and of little force, it is admirably 
sheltered. It has room for a large fleet of vessels, and in one part 
for those of largest size. The sands are so soft that if a vessel ran 
on them it woidd scarcely suffer damage. Whales are frequently 
to be seen, and the ocean is so full of fish that it has been described 
as God's Aquarium.*^ Its chief importance arises from its being 
the poi*t of entrance to Hereroland, and Ovampoland further north ; 
by it there is also the shortest route to the Upper Zambezi. Its 
present extension inland is limited; and if the Herero and Ovampo 
tribes place themselves under a German protectorate it will lose 
much of its value for the future. Such a settlement of the in- 
terior^ however, does not yet seem in any way to have been 
accomplished. 

Gebman Colonies in Africa. 

We place the German colonies in Africa next, although, histori- 
cally viewed, their annexations are among the latent in Africa. 
As their largest acquisition — Angra Pequena, with the coast line 
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from the Orange River to Cape Fi*io, excepting Walfisch Bay and 
some islands — adjoins British territory, it may best be noticed here. 

Angra Pequena is on the mainland of Great Namaquadaud (26^ 
37^ S. Lat). Since 1883 a German trading station has been esta- 
blished there by the enterprise of Herr Liideritz. The bay here is 
surrounded by islands, and, with the exception of Walfisch Bay, 
affords the best shelter on the coast north of the Orange River. It 
is not so well protected from the prevailing winds, and it cannot 
receive vessels of so large burthen. Building operations have been 
begun since for a factory; and a small schooner trades with Cape 
Town. One drawback is the want of water, which is also ex- 
perienced at Walfisch Bay. Tliis is ti-ansported by ship from the 
Cape at a cost of some 33s. a ton, but it is hoped that artesian 
wells may yet supply the deficiency. There is a zone of shifting 
sand around ; and there are sand and dust storms frequently occur- 
ring, which are a hmdi-ance. The country inland is believed to be 
rich in minerals, specially in copper. Further to the south, 
beyond the Orange River, there are the rich mines of Ookiep, 
which are being profitably worked ; and there is reason to expect 
to find such mines also in Namaqualand. Scientific explorers are 
being employed to study the resources of the country. An agency 
in connection with Angra Pequena, further inland, has been 
established at Bethanien, one of the Rhenish mission stations; 
and twelve waggons, drawn by twenty oxen each, make i*egular 
journeys inland. It is from Christian, the native Christian chief 
of this station, to whom the coast at Angi'a Pequena belongs, 
that Herr Liideritz bought the possessions he holds. These he 
placed under the German protectorate. In January, 1884, the 
German flag was hoisted by the captain of a German gunboat 
at Angra Pequena; and later in the year, German war vessels 
annexed the whole coast from Cape Frio to the Orange River. 

It may better enable us to undei-stand incidents which have 
made so great a sensation both in South Africa and in Europe, 
if we shortly refer to the past. And first, it is only just to notice 
here how much the civilisation and Christianisation of this coast 
owe to the Rhenish mission! This is a German society, which 
has been labouring for more than half a century in the Cape 
Colony, and further noi*th in Great Namaqualand and Herero- 
land. No other mission is in the field above the Orange River, until 
Ovampoland in the far north is reached, where there is a Finnish 
Lutheran mission. The society, by its mission agents, has done a 



Rev. J. E. Carlyle on African Colonies and Colonization. 129 

great and beneficial work in trying circumstances : gathering 
together the merest waifisi of the wilderness into Christian com- 
munities; winning linguistic triumphs over most difficult langu- 
ages; translating the Scriptures; educating and training the 
young; teaching with success the simpler arts. There have been 
many difficulties fi*om the lawlessness of the tribes — Namaqua, 
Herero, and Bastard. They are almost always fighting ; and even as 
Christians this has not ceased, while Christianity has yet mitigated 
the cruelty of war. The Rhenish mission was for a time driven 
to trade, in some measure to supply the wants of its outlying 
missionaries, and also to aid its mission funds; but this has been 
latterly abandoned, partly it is stated from want of commercial 
superintendence, partly from the insecurity of war. A consider- 
able loss of capital has been thus incurred.* These facts may 
explain in some degree what led up to the annexation — ^the 
insecurity of life and property as regards missionaries and traders, 
and the benefit that must follow a strong Protectorate. It may 
be added, what is probably less known, that the late able director 
of the Rhenish mission. Dr. Fabri, is a warm advocate of German 
colonization, and by a vigorous pamphlet published some time 
ago, did more, perhaps, than any one else to arouse German 
enthusiasm in its favour, f 

As to the relation of the British Colonial Office to this German 
settlement, the main facts are stated in a recent despatch of Lord 
Derby's, 4th December, 1884. They are — That the Germans, so 
far back as 1868, through Prince, then Count, Bismarck, urged 
British intervention for the sake of peace in Great Namaqualand 
and Hereroland, and that we should annex Walfisch Bay. This 
proposal was declined; but Sir Philip Wodehouse, then Governor 
of the Cape, whose services to the natives of South Africa have 
never perhaps been sufficiently appreciated, took measures which 
led to peace among the chiefs, and drew forth the thanks of Dr. 
Hahn, the able superintendent of the mission. In 1875 the Cape 
Parliament decided to annex Walfisch Bay, and to include any part 
of the country inland which it might be expedient to acquire. Mr. 
Palgrave was appointed to carry out this resolution, and, with the 
vigorous support of the German missionaries, offers of submission 
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were received from the most important chiefs. Sir Bartle Frerey 
then Gk>yemor, proposed that an order in Council should be passed, 
empowering the Cape Parliament to legislate for the purpose of 
annexing the coast up to the Portuguese territory; and that, mean- 
while, no time should be lost in hoisting the British flag at 
Walfisch Bay. This latter was permitted by the Colonial Office, 
but not the wider extension. Sir Bai-tle Frere subsequently 
renewed his representations as to the advantages of this wider 
annexation, but Lord Eimberley declined, and, as Lord Derby 
informs us, decided <Hhat the responsibilities of this country should 
not be extended beyond the boundaries of Her Majesty's posMS- 
sions; that the Orange River should be maintained as the 
boundary of the Cape Colony; and that Her Majesty's Govern- 
ment would give no encouragement to schemes for the extension of 
British jurisdiction over Great Namaqualand and Damaraland." 
At the time Lord Kimberley wrote this there was a strong reaction 
on the part of the Liberal Ministry against all annexationa Hia 
statements are to be noted specially, because in the German White 
Book ('^ Angra Pequena'') they are again and again referred to as 
indicating the limits, as the German Government understood them, 
of British jurisdiction and sovereignty.* In 1883, passing by 
minor incidents, Germany inquired if Great Britain made any 
claims on Angra Pequena, and on what title these rested ?t Lord 
Granville's reply was that while British sovereignty did not extend 
along the coast, but only to certain points, as Walfisch Bay and 
the islands at Angra Pequena ; yet it would regard the claims of 
any other Power there to sovereignty or jurisdiction as impairing 
its legitimate rights. X Lord Derby had the impression that the 
question asked was still the alternative, either of British annexation, 
or our acquiescence in German action. Preferring the former, he 
telegraphed to the Cape ; then came the long and now famous 
delay in replying, and before its arrival, Angra Pequena had been 
annexed. Prince Bismarck had resented the delay, not simply as 
an official slight, but chiefly, as arising in his view, from a desire of 
Lord Derby to inspire the Cape Government to undertake at last 
the annexation. This he had no intention to admit, basing his 
decision on the declaration of Lord Kimberley regarding the terri- 
tory as "re^ nullitis,^* and hence annexing it to Germany. 
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XiOrd Derby then proposed, that leaving Angi-a Pequena aside, all 
the remaining coast up to the Portuguese frontier should be 
cumexed by t^e Cape Colony, and the Cape Colony passed such a 
cleclaration; but Germany again declined to recognize such an act 
as giving any right, and claimed the priority of her own formal 
annexation of the coast by her war vessels. This extensive sea 
line of some 730 miles is, with the exception of Wal£sch Bay, now 
In the hands of Germany ; it is about as extensive as the east sea 
cx>ast of Northern Germany. 

Looking at this West South African German colony, it may be 
said to be yet an unknown quantity for the future. We are far 
indeed from agreeing with some depreciatory statements that have 
l)een made regarding it. The resources of the country will be 
carefully and exhaustively explored by a people like the Germans. 
They will certainly make more of it than we British with so many 
other fields before us. The principle which Prince Bismarck has 
adopted for such settlements seems to us a wise one. They are 
tenitorial annexations indeed, not simply personal over Germans, 
but still the main idea is commercial. He does not wish to esta- 
blish ultroneously colonies, with their staff of governors, officials, 
and military; but rather to say to the industiious merchant or 
planter, who has settled down in territories not yet annexed to 
any civilized government, that if they desire they may enjoy the 
protection of the German flag. This was very much our own 
83rBtem with the East Indian Company, a colonial idea, indeed, 
which PrincoiBismarck very much accepts. There are many colonies 
where this principle ought to be supreme, and where officials should 
know that it is so. If our settlements on the Guinea Coast were 
carried out on this idea of the expansion of trade as the main 
end, it is probable that the interior might have been far better 
reached and developed. 

If we look more specially to the Angra Pequena settlement, 
the territory it may yet embrace may be proportionately as exten- 
sive as its vast coast line. If it stretch inland to the Kalihari it may 
reach to some 270,000square miles. This will include Namaqualand, 
Hereroland, and Ovampoland, with such races as the Namas, the 
BastardSy the Hereros, the Berg Damaras, and the Ovampos. The 
population of these countries was estimated in 1876 at 236,250, 
but this, is merely an approximation. Namaqualand does not 
famish great resources, unless it be in mining. Hereroland is 
one of the richest in Africa as a cattle-breeding country, and a 
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large trade may yet be developed with the Cape Colony, beneficial 
to both parties. It has a future on the west before it, almost like 
Madagascar on the east. The Cape Colony does not, indeed, seem 
willing to admit, if it can help it, of this annexation. WalfuMsh 
Bay is the port of Hereroland, it has a considerable trade with it, 
and the Cape does not wish to be deprived of it. Ovampoland is 
a fine grain growing country. There is an open way from the 
Angra Pequena colony to the Zambezi, and the German trader 
may there open up large fields of commerce. Great Britain on 
the east and Germany on the west may be good and profitable 
neighbours to each other. 

The other colonial acquisitions made recently by Germany lie 
on the west coast. If we begin with the most northerly, which is 
also the latest annexation, it lies near the Rio Pongo to the north 
of our Sierra Leone colony, in immediate proximity with French 
settlements betwixt the rivers Brahmia and Debrecka. German 
ti-ade had already some roots there before this coast line was 
annexed. The district is called Capitay. It is anticipated that it 
may afford a good entrance for trade into the interior with Futa 
Jallon, a very important country. 

Proceeding down the Guinea Coast eastwards, just at the 
extremity of the Gold Coast, where the British possessions end, 
the free territory belonging to King Togo has been placed under 
the German protectorate. This extends from the British posses- 
sions westwards to Porto Seguro, including Lome or Bey Beach 
and Bagidah. Here German trade had gained before a good 
position. The main condition in the treaty is, that Carman 
subjects will always enjoy the position of the most favoured 
nation; at the same time earlier treaties of trade with others 
will be respected, and the existing free trade will not be 
burdened.^ Just to the west of this possession is the seat 
of the Bremen North African mission; and further west again are 
the important mission stations of the Basle mission. Both of 
these, however, and the entrance to the Volta river, remain in 
British hands, f 

By far the most important possession which Germany has acquired 
on this coast — perhaps, indeed, in Africa — is the Cameroons terri- 
tory in the Bight of Biafra. The acquisitions here include the 

* White Book: Togogebiet and Biafra Bai, p 42. 
t "Territorial Partition of the Coast," Sir R. W. Rawson, p. 7. 
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coast up to Rio del Rej, with the exception of Victoria, Rimbia, 
the Cameroons, Melimba, and further south, Little Ratanga. The 
coast line of this territory extends some 130 miles from 4°. 30 to 2 ^ 5 6' 
2T. Lat. its boundary line in the interior towards the north does 
not seem yet to be defined. The treaties made with the chiefs 
liere are of a character similar to those in the Togo country. 
The rights of third parties are respected, and existing trade 
treaties retain their value ; the chiefs receive their usual 
customs; "during the first period, at least, the manners and 
customs of the natives will be respected." * We presume 
the last clause relates to slavery, and means that, while 
under a protectorate, it may be tolerated ; if the territory be fully 
annexed, under the laws of the German empire it will be 
suppressed. The chief, it may be noticed, of Hickory Town 
where there has been bloodshed later, was not present, and did not 
agree to the treaty; but Dr. Nachtigall, the Imperial General 
Ck>nsu], did not esteem this of consequence, as in his view this chief 
stood under the direct supremacy of King RelL Dr. Nachtigall, 
as there were some English firms, informed their agents that 
their interests would be safeguarded, and visited the Raptist 
mission to assure them that they would not be disturbed in their 
operationfl.* Arrangements were also made to continue, temporarily 
at least, the existence of an equity court for the settlement 
of trade questions. It is probable that this Cameroons German 
colony will become the central point of German settlements on 
the Guinea coast, and that German war vessels will make their 
headquarters the neighbouring waters. 

It is sincerely to be regretted that this new German settlement 
has been since the scene of fighting and bloodshed. It is quite 
beyond our limits here to enter into details. Hickory Town, where 
the chief did not agree to the German treaty, seems to have 
been the chief seat of the struggle. The Raptist mission premises 
were burned, and in the conflict some Rritish factories were also 
fired upon. Severe strictures have appeared in German papers of 
influence and of large circulation, representing the Raptist mission- 
ary as fighting against the Germans with a Rible in one hand and 
a pistol in the other. All who know the history of this mission 
will at once repudiate the idea. It is of Alfred Saker, the scene 
of whose labours was here, that Dr. Livingstone writes: ** Taking 



* White Book : Togogebiet and Biafra, p. 44. 
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it all in all, specially having regard to its many-sidecl character, 
the work of Alfred Saker at Cameroons and Victoria is, 
to my mind, the most remarkable on the African coast" 
He raised, it may be justly said, the Dualla language into 
a written one. He translated into it the whole Bible. He 
taught the people carpentry — to use the plane, the saw, 
the adze — to handle also the spade and the hoe. He 
was the first to show the native how to make brick and to build 
stable structures. It was under his influence that the savage 
cruelties of the native wars were diminished and their super- 
stitions lost much of their hold. As to the action of the mission, 
Mr. Baynes, its secretary, has stated that their instructions were 
that the missionaries should make it " clear to the native converts 
that the whole of the Cameroons district is now under Carman 
Bovereignty, and that the native Christians should understand 
clearly that the right and wise course for them to adopt is to 
recognize this fact and yield obedience to the authority of the 
(German officials.'' Careful investigation will, we have no doubt, 
from the high character of this mission, authenticate these facts. 
In British territories, as in South Africa and India, the German 
missionaries have enjoyed not simply toleration but countenance 
and aid; and we may anticipate here, from one so noble and 
chivalrous as the German Emperor, reciprocity in sympathy and 
support. 

It is of some interest to gather from the German White Book 
and its communications the reasons which have influenced Germany 
in establishing these new settlements on the West African coasts. 
As regards the British colonies, it is frankly admitted in an impor- 
tant communication of the Hamburg Chamber of Commerce, that 
German settlers are treated generally on a footing of perfect 
equality with British ;* and the readiness is recognized with which 
the English Consuls and English warships have acted in defence of 
Crerman interests with as much energy as for their own. An 
instance is given of their having done so at no distant date as 
regarded German diflerences with the Cameroons chiefe.t It is 
stated also that it has been advantageous to German trade on 
the West African coast, that in many British treaties with the 
natives the conditions are settled not alone for British subjects, 

* White Book: Togogebiet and BiafraBai, p. 10. 
t White Book, p. 13. 
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bat in Mme Bach form as this, for ^' the subjects of the Queen of 
Eoglmnd mnd all European Powers friendly to her."* There is 
one exception at Sierra Leone. From some old law, property 
oumot be held by foreigners; and the German trader, in order 
to hold it^ most be naturalized. 

This equality of trade does not exist, it is stated, as regards 
the Portuguese. In their colonies of Angola and Benguela 
Gennan goods, if not transported in Portuguese bottoms, were 
as good as excluded. One Hamburg firm, which had a factory in 
Benguela, was obliged to abandon it at a great loss. In the French 
colonies, as Gabun, equality of right and protection formerly 
existed. One Hamburg firm, Woermann «i: Ck)., possesses there 
extended property, and has always had such protection, as r^;ards 
the natives, as it needed. Latterly, however, the Germans and 
British have been debarred from trade in guns and ammunition, 
and only allowed for their use fowling-pieces. This has not only 
shut them out from a valuable trade, but exposed their lives to 
hacard. At the same time a very large number of guns have been 
given to De Brazza, and these not only for his soldiers and 
followers, but intended for trade. t 

Apart, however, from these foreign colonies on the coast, there 
•re parts of the Atlantic shore held by independent n^;ro tribes. A 
very lucrative trade is carried on at some of these places, csi)ecially 
by \hp wealthier British, German, Dutch, and other foreign firms. 
Hus partly arises from the important relations of some of these 
settlements to the interior; partly, also, from the facilities of 
smuggling which they afford. They escape Custom duties elsewhere 
necessarily imposed. The trade in such localities can only, however, 
be successfully carried on by making treaties with the native chiefs; 
and these can only be enforced by the occasional presence of a war 
vessel on the coast, or by placing the settlement under a colonial 
protectorate. The advantage of the latter is greater security, and, 
as trade follows generally the flag, the protecting country has the 
advantage. It is a regard to these considerations which has 
mainly induced Crermany to take some of these unappropriated 
coast spaces under her protection. German factories were there 

* P. 13. 
t White Book, ibid., p. 11. Sir Rawson W. Rawson also states on this 
subject that the French in these colonies are now imposing upon foreign 
bottoms duties amounting sometimes to as much as 60 i>er cent. (British and 
Foreign Colonies, p. 30). 
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found established, in some cases with predominant influence. Ger- 
many accepted the sovereignty; the chiefs were willing to yield. 
It is to be hoped that Germany will not introduce differential duties 
into these new acquisitions, as the French are so sedulously doing. 
One favourable feature in their annexations, as hitherto developed, 
is that they have not introduced this protective element. If they 
do so in the future, as a defence against French or Portuguese 
protection, it is to be hoped that they will continue to act, as 
regards Great Britain, on that system of free and fair trade so 
happily begun as regards the Congo and the Niger, and so fitted 
to promote colonial peace and the progress of Africa. 

German West African trade it is difficult to ascertain, but it 
must be very considerabla In the German White Book the 
imports at Hamburg (1882) from West Africa and the islands are 
given as £429,400 ;* but there is no return as to exports. There 
is to be added Bremen. An estimate is given of the German trade 
lately in the German Colonist if as being worth £1,135,000; and 
the British trade is estimated at a little more. We should think 
this was an under estimate as regards Germany ; it is certainly so 
as regards Great Britain. The imports and exports of Great 
Britain on the West Coast of Africa, apart from its colonies, 
exceeded three millions sterling in 1883. If to these the British 
colonies are added, they exceeded four millions seven hundred 
thousand ; if Portuguese colonies are included, the amount is more 
than five millions sterling. This is exclusive of the trade with 
the French colonies, which we have been unable to ascertain 
for 1883. 

Germany, as a colonial powei*, has now taken a position in 
Africa and the world at large which she is not likely to abandon. 
Rather it is to be anticipated, that from her rapidly increasing 
population, needing new fields of labour; from her advancing 
wealth and capital, seeking new investments; from the growth of 
her manufacturing industry, leading to over-production if foreign 
markets arc not to be obtained; and from the education and 
business capacity of her merchants, placing them abreast of other 
nations in the ability to win their share of the world^s trade and 
profits, her colonial position and influence will widen in extent 
and grow in power. The same national enthusiasm enkindled 
in the Schleswig-Holstein struggle, which accomplished so great 

* Page 21.-8,588,000 Marks. + No. 10, page 195, 1884. 
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results, is now enlisted with equal ardour in the Colonial- 
Imperial enterprise; and it is neither within the right, nor the 
power, nor, we might add, the interest of other nations, to arrest its 
energy or to impair its results. It is to be hoped tliat her colonial 
system will be based, and it promises to be so, on the principles of 
free and of fair trade,* and that in her colonies she will afford 
to Great Britain the same field for honourable rivalry she herself 
obtains in India and in our colonies. If so, it may be fairly 
anticipated that the commercial wealth of both empires may be 
increased, and that increasing mutual interests may bind them, 
as in the past, in firm alliance.! 

French Colonies in Africa. 

The African possessions of France may be regarded as justly 
entitling her now to be regarded as the greatest colonial 
power in Africa. On the north her coast line extends, including 
Tunis, now under her protectorate, some 1,180 miles, and the 
area of her territories in square miles, including the Mzab and 
Tunis, is 203,500 square miles. Beyond these there is also the 
Algerian desert of indefinite extent The population of the 
territories we have named is estimated at about 4,860,412. On 
the west of Africa the French coast line extends to some 1,155 
miles,^ or, including the new acquisitions on the Gabun coast, and 
southwards to Massabe, the new Portuguese boimdary, the length 
will be some 1,450 miles. Here the area occupied as given in 
square miles is less. Senegal, with smaller settlements on the coast, 
is estimated as embracing 96,261 square miles, with a iK)pulation 
of 191,608 ; but this does not include the immense extension 
recently to Bamako, or the protectorate said to reach so far 
as Timbuktu. The Gabun colony is again estimated as, in 

* Information has been given to the public by the British Board of Trade, 
that vessels trading to territones on the West Coast of Africa, under 
German protection, will be required merely to follow the former trade 
customs in these territories. There is a distinction as to vessels to the 
Cameroons; bat it does not seem at all to affect the general principle of 
equality. 

t Since this was written Germany has annexed a considerable territory 
betwixt Zanzibar and Tanganyika — Usagara, Ngury, Useguha, and Ukami. 
This endangers complications with the Sultan of Zanzibar, who has always 
been understood to hold a protectorate of some kind there. 

X Territorial Partition, &c., &c.— Sir Rawson W. Rawaou, p. 17. 
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extent, 7,722 square miles, with a population of 186,133. But 
here, also, if we add recent extensions on the Ogowe eastward, 
southward on the coast to Massabe, with the vast regions on the 
north side of the Congo, and extending northwards to an undefined 
extent, the possessions in West Africa to which France may 
lay claim ^ar exceed those on the north. On the East coast the 
amount yet occupied is limited: including Reunion, St. Marie, 
Nossi B^, and Mayotte, with Obockh, it does not exceed 1,000 
miles in area, with a population of some 30,000. But if Madar 
gascar be brought under a French protectorate, or if even only 
its north-west coast be annexed, this will make a considerable 
difference. The length altogether at present of coast line 
occupied in Africa by France is some 2,600 miles. The terri- 
tories to which she lays claim are probably as great as India, 
or as the inner provinces of China, exclusive of her outlying 
protected territories. 

The French African colonial trade is considerable. It is difficult 
to ascertain the latest statistics, but it may be stated generally, that 
this branch of its African trade is only a little inferior to that of 
the British colonies. With Great Britain it is its South African 
colonies which chiefly swell the sum total, with France it is North 
Africa which is the principal contributor. The exports and 
imports of Algeria, including the protectorate of Tunis, amounted 
for the year 1883 to £18,248,351.* As regards the trade with 
Great Britain, it amounted to £1,974,671 — the imports being 
less than a third of the exports. With the Senegal settlements 
the total trade in 1881, exports and imports, was £1,555,281. t 
The trade of Reunion amounted in all to £2,066,113. We have 
not been able to obtain the full returns for the Gabun or East 
African French settlements, or those on the Guinea Coast, but they 
may be given approximately at a million sterling; the total thus 
would be about twenty-two and a half millions sterling. This is 
somewhat less than the British African colonial trade, but is 
capable from new acquisitions of great expansion. It has been 
stated in the press, but erroneously, that a large part of this trade 
is not with France but with foreign countries. It may be so, as 
regards some of the French settlements on the Guinea Coast, but 
the statistical returns indicate that some two-thirds of the whole 
trade are with France. It is to be noticed that neither in the 



* Statesman's Year Book, 1885. t Statisques Colonialet, 1888. 
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* The entire African trade with the ooter world Mr. Bavenstein 
estimatee thm — ^imports from Africa, £40,405,000; exports to Africa, 
£35,290,000 ; total, £75,635,000. 

t '* British and Foreign Colonies," page 30. 

X The principle extends to the French colonies generally. The FVench 
Under Secretary for the Colonies lately, at the session of the Supreme 
Ccdooial Council, commended Gnadalonpe, Martinique, and Reunion for 
haring, in compliance with the 'aiahes of the home Government, established 
preferential duties on French goods. Cochin China is to exempt them from 
75 per cent* Costoois duties, and this will apply to Cambodia, Annam, and 
Tonquin. 
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covered, and which long and sedulous care begins to make profitable? 
Are we not called upon to view with suspicion the re-establish- 
ment of such a system as existed in the seventeenth and eighteenth 
centuries, so fertile a source of a long succession of bloody maritime 
wars, and just as likely in the nineteenth and twentieth centuries 
to renew them ? With what conceivable fairness can the charge 
of British egoism be made by nations basing their colonial policy 
on selfishness and exclusiveness ? and what wonder thus the idea 
of a British and colonial Zollverein as a defensive league against 
Buch aggi^ionl 

To glance at the French African possessions more in detail, the 
oldest, Senegal, dates from 1664; but France claims to have had 
settlements in the fourteenth century on this coast, and to have 
reoccupied them only at the later date. This Senegal acquisition 
was followed by K^union in 1649 ; S. Marie, on the east coast of 
Madagascar, 1750; Algeria, 1837 ; Gabun and the settlements on 
the ivory and slave coasts, with Nossi B^ and Mayotte, 1843. 
The last is the new Congo possession, joining on to the Gabon, 
1885. These various possessions may be divided into three classes. 
There are, fir^t, those in which the trading, and, if we may so call it, 
the plantation element prevails. They are, for instance, such as 
these settlements between Senegal and Sierra Leone, with those 
on the Ivory and Gold coasts,* with Mayotte, Nossi B^ St. 
Marie,t Reunion, on the East African coast. The commerce of 
the French settlements on the Guinea coast it is difficult to 
ascertain. We have not been able to obtain any later annual 
return. From the last quarterly statement of the Journal Officiel it 
amounted, including exports and imports, to some £73,273, or, if at 
the same rate for the year, to £293,092. J B^union may be viewed 
as the greatest French African plantation settlement; and how 
large a source of wealth such colonies may be, we learn indeed from 
British Mauritius and French Reunion. The area of Reunion is 
only some 764 square miles, yet it supports a population of 
172,084, and its trade returns are, as we have seen, very consider- 
able. This has its importance as regards the future of Africa, as 
it is probable that such plantations may be established on a laige 
scale, not only in Madagascar but in Continental Africa. German, 
British, and French enterprise is already acting in this direction, 



* See Map, Senegambia, &c. t »S€e Map, Equatorial Africa. 

X l,831,837f. Wo quote from the Times, 25th February, 1885. 
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as, for instance, the very successful trial of it by the house of 
Woermann at Gabun. On the Congo, with its vast populations 
and rich countries, these plantations may be widely extended, and 
become a lucrative field for European and American capital. 

A second class of the French settlements may be regarded 
rather as provinces than colonies — the Eoman province rather than 
the Roman colony. We may take as instances of this Senegal 
and Gabun. There is in both the trade clement, as there was 
originally in the British East Indian Company, but their future 
seems rather to point to the rule of native races as their chief 
ambition; an issue that is likely to call out higher elements of 
character in the ruling power than mere commercial ability, and 
to have wider results than mere money advantages. 

Senegal was at no remote period a very weak colony and of 
little worth. The French rule was almost akin to the Portuguese 
in Africa, existing very much on the sufferance of the native chiefs; 
with the exception of Gor^e and St. Louis on the Coast, Bakel on 
the higher Senegal and Senudebu on the Faleme, they were scarcely 
the masters anywhere.* Then there arose a new danger — a violent 
Mohammedan propaganda, at the head of which were the Fulah 
tribes, extended over the Great Central African Sudan in the 
b^inning of the century, very much at the same period as the 
Napoleon conquests; there it established a number of powerful 
kingdoms still existing. Latterly it extended to Massena, and, as 
a religious movement, swept over Senegambia; a large number of 
tribes abandoning their gross fetichism, and embracing, with all 
the zeal of neophytes, the religion of the Crescent Attempts 
were made by those proselytes even to seize St. Louis — in 1854 
the danger was serious. A Senegal Marabout, a Hadji from 
Mecca, swept with his followers over the fertile regions of Bam- 
bouk, a country lying betwixt the Senegal and the Falem^ and 
laid siege to Medin^, a French fort erected by General Faidherbe, 
then the governor of Senegal. This led to a memorable siege, 
ending in the victory of the French, after a display on their part 
of the highest fortitude and gallantry. General Faidherbe's name 
is more generally known in connection with the Germano-French 
war, when he rendered great services to his country; but even 
these scarcely merited greater distinction than his achievements 
during his 12 years governorship of Senegal. It may be fairly said 
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Fulahs, with their widely extended power on the great Sudan, 
there were here the basis of a vast empire, bat the future only 
can reveal if such ambitious hopes can yet be realized To look to 
smaller things, the short railway betwixt St. Louis and Gor6e on 
the coast promises to be quite a commercial sucoesa 

The French settlement of the Gabun extends now from the 
newly annexed German colony of the Cameroons to Massabe 
flouthwards, where the Portuguese frontier has been fixed. This 
is a stretch of coast of some 500 miles at least. There is 
only cue break of some 35 miles, belonging to Spain, called San 
Juan, on both sides of the river Muni, and opposite the island of 
Corisco, also Spanish. The Gabun colony owed its origin to 
Frencli co-operation with Great Britain in the suppression of 
slavery on the West Coast of Africa; it was annexed 1854. 
It was chosen then as a safe resort for French war vessela The 
Gabun itself is a large estuary, receiving a number of small 
nfliuents, but extending to no great distance in the interior. 
The Ogow6, more to the south, came into the possession of France 
in 18613, anil })enetrates far more deeply, approaching some of the 
afHuuuta of the Congo. Dr. Lenz, of the German West African 
Kx|MHiition, was here the first leading explorer. He has since 
boon followcHl, with even greater success, by Count SaTorgnan de 
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Brazza. His enterprismg efforts date from 1875. In 1878 he 
reached, beyond the Ogow^, a vast region to the north-east, 
crossing seveitJ affluents of the Congo, the most important of 
which was the Alima. Returning again to his researches in 
1880, and beginning with his old headquarters at Nghimi, 
where he founded the station of Franceville, and travelling on 
again to the Congo, Count de Brazza obtained from one of the 
many Makokos, or lords of the river, a small territory at 
Stanley Pool, which he purchased for France. Descending the 
Congo he met, and was hospitably received by, Mr. Stanley, who, 
until a later period, was all unconscious that his own discovery, 
Stanley Pool, had been thus appropriated by his visitor. De Brazza, 
on this return journey, again visited Franceville, reaching the 
coast by the Kwilu, which he regards as affording greater facilities 
of access to the Upper Congo than either the Ogow6 or the Lower 
Congo. 

The Gabun colony was long regarded as of comparatively little 
value by France, and an attempt was made to exchange it with 
Great Britain for the Gambia. Its trade was comparatively 
limited, although carried on with considerable enei^ and success 
by German, British, and French firms. Missions, Protestant 
American and Roman Catholic, have also been vigorously 
conducted there. New stations have lately been established on 
the coast, the Ogow^, the Alima, and the Upper Congo, and by 
the concession of the Kwilu Niadi line by the African Interna- 
tional Association to France, a great future opens before this 
colony. Out of a claim almost of a shadowy character, France 
has now gained the possession of the northern side of the Congo 
reaching how far is scarcely known. Immense possibilities of 
tenitorial accessions and of commercial development are opened 
up. An empire may be founded as extensive as that to which 
France aspires on the Senegal or in Algeria. 

By far the most important possession of France in Africa, for 
the present at least, is Algeria, especially if there be added to 
it the protectorate of Tunis. France acquired her Algerian 
province in 1830-37, and added to it the protectorate of the 
Regency or Vilayet of Tunis in 1882. We have already noticed 
the area and population of these territories, with their trade. 
What we would observe now are some special characteristics of 
the Algerian colony. Algeria is marked out fi*om other French 
African settlements by the variety of political elements composing 
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We gpecialize a little here to d^e a mere exact idea o£ French 
role iri Algeria as it has its wider interest in relation to fatnre 
f'Mou'iTjition in Africa. We quote mainly from a French cone- 
nftfmfUijtt well inforrae^l and deeply interested in the question 
'/f the elevation r/f the aborigines. He states that it is difficolt 
t// explitiri an organization so complex as that of Algeria, hut the 
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general idea can be made sufficiently clear. There are, as he 
describes them, three zones, two of these belonging to the com- 
mandement civil. In the first zone the European colonists are 
more numerous, and the communes have the same organization as 
in France. The natives co-operate in the municipal life and 
they may possess the franchise. Those who have it are not 
numerous, however, as to possess it they must agree to accept the 
French civil institutions and to abandon their native laws and 
usages. The native laws of the Arab population are very different 
indeed from the French in their character as to personal property, 
marriage, inheritance, and family organization. Polygamy, for 
example, must be abandoned. This does not press so hard 
on the Kabyle as on the Aiub, the explanation of which we shall 
immediately notice; but the result is in fact that from 1865 to 
1878, during 13 years, only 428 natives were naturalized.* 
In the second zone the communes are what is called mixed, 
the Europeans being fewer in number. There are here, neither 
the elected municipal councils of the commune, nor the elected 
Mayor. All the appointments, European and native, are by the 
nomination of the Pr^fet. These two zones constitute the 
oommandement civil. 

The third zone constitutes the commandement militaire. Its 
administration is confided to military officers acquainted with the 
native languages, and trained for their work somewhat on the 
lines of our Indian Civil Service, under whose superintendence the 
native laws are administered by native officials, in their hierarchical 
succession — the Sheiks, the Ciiids, and the Cadis. 

" This organization,'' our correspondent adds, " does not apply 
to the Kabyles, who form the larger pai-t of the indigenous 
population. Wherever these form the compact mass of the 
population, the colonists cannot enter. Besides, they have 
different customs and laws from the Arabs. While the latter 
obey the Koran, as alike their religious and civil code, the 
Kabyles only accept it as the religious law. As regards their 
civil law, it is based on their old traditions called Kanouns. 
Their constitution is neither patriarchal nor aristocratic; tbey 
have neither Sheiks nor Caids (chiefs of tribes). The land, in 
place of being held in common, as with the Arabs, is divided iuto 

• " L'Alg^rie," par Maurice Wahl, page 247. The native Algerian ques- 
tton is ably treated in this recent work, 1832. 
Vol. XVI. k 
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a crowd of small independent properties and parcelled out as in 
France. They have also a very developed municipal life. The 
Djemaa or Assembly of the village decides what is necessary for 
the general well-being, and the Amin, who is like the French 
Maire, executes it." The result is that the Kabyles are much 
more likely to assimilate to Europeans as to their usages, and thus 
to participate gradually in all the rights of French citizenship. 
Our correspondent adds, that while this colonial organization is 
only as yet marked out in its outlines in the other African colonies, 
yet in Senegal, in the part of it directly under French rule, the 
natives, as in Algeria, have their share in the municipal and 
political life, and take part in the election of representatives to 
the French Legislatura 

It is of interest to notice here that the commandement civil is 
ever advancing on the commandement militaire; and it is to be 
hoped that in the commandement civil the highest zone may be 
gradually reached and enlarged, and the native races thus so edu- 
cated up as to be able to claim the enjoyment of the full rights 
of the fi*anchise. This brings with it a higher distinction than 
either the British or the native colonist in our territories as yet 
enjoys. The French colqnist participates in all the rights and 
privileges of imperial rule. It is to be owned, indeed, on the 
other hand, that the French colonists feel and complain of the 
want of that autonomy which British colonies so fully enjoy. 
Will not the highest ideal in the future be autonomy, such as our 
colonies have, with some fair share also, as their interests may 
require, in guiding and controlling the policy of the empire 1 

Before passing from the French African colonies, the question 
may be noticed of their political value in the future. Do they add 
to the strength of France ] A French writer has said, referring to 
the events after the Franco-German war: — " In 1871 there was an 
awakening, Algeria seemed to be the country of the future — the 
New France — the development of which might compensate for the 
losses suffered in Europe, and console the mother country. The 
emigrants of Alsace-Lorraine, were sent there."* There are 
reasons to think that these aspirations may be justified — that 
France, if less as a European power, may become greater by the 
consolidation of her African provinces as a world power. Algeria, 
with Tunis, may be said to revive great past memories, to be no 

* L'Algorie, Wahl, page 270. 
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ioadequate representation now of Carthage in her imperial day, or, 
rather of Rome with her splendid African province. France may- 
yet have on her African soil plantations as richly cultivated as 
those of Carthage, and her possessions may be her vast granaries, 
as they were once of Rome. Her growing towns, with their 
European colonists, French, Spanish, Italian, may not be un- 
worthy to compare with the many -peopled colonies once scattered 
over Roman- African territory. The actual possessions of France 
in North Afiica embrace very nearly in area the same extent as 
the European territories of France itself. If, in addition, those 
brave Berbers, who are by no means so bigoted as the Arabs, were 
onoe thoroughly won over, what might not be the issue ? Twice 
these races, once with Hannibal, then again with the Moors, had 
nearly won the prize of the world, and they have undoubtedly 
yet a fature. The gorgeous dreams of French ambition may not 
prove so vain as they have been fancied. 

It has been reasoned by Lord Derby that France, in annexing 
distant colonies, gives, as it were, so many pledges to peace, as in 
the case of a war with a great maritime empire like Great Britain, 
she might lose them. But this argument scarcely applies to 
Algeria. To bridge the Mediterranean in these days of steam 
from Toulon to Algiers is by no means the same as to cross the 
Atlantic in last century and to hold Canada; or, as in the 
beginning of this century, to retain Egypt, or now to possess 
Tonquin securely ; especially if France, as a predominant 
military power, could secure her passage by southern Spain. 
If only her communications could be secured, what a vast exten- 
aioQ of contiguous empire might she not aspire to in Africa, 
reaching far beyond the north. France has made efforts to 
effect this by crossing the Sahara. Colonel Flatters lost indeed his 
life in the attempt, but a great nation does not readily abandon her 
designs because of the losses it may entail. The remarkable 
Buccesses M. de Lesseps has won have inspired France with 
the hope of achieving great world-wide designs. It is no unlikely 
issue that Algeria and Senegal may yet be united as provinces. 
Such an amalgamation would visibly strengthen the position as 
regards the great Central Sudan. A protectorate over its fifty or 
sixty millions of warlike races would give France, it might be 
anticipated by her i)oliticians, the predominance over every other 
African power. Morocco, too, would then become almost an 
enclave of France, and, but for Spain, or against the wishes of 



148 Phihaophital Society of Glasgow. 

Spain, would be annexed. If we go further south, the French 
Gabun and Congo State would still be separate, but if French 
territory on the Congo be extended to the Aruwimi, the Eastern 
Sudan may be reached, as General Gordon indeed contemplated, 
and a territorial connexion with the noHh be established by the 
Schari and the Lake Tchad. These are possibilities of the future 
— probabilities only to the mind of the sanguine French 
politician — for there are powerful countervailing forces — Native, 
Mediterranean, European — yet the aspirations are not quite to be 
overlooked. It is a somewhat remarkable phenomenon to find 
France, after her defeats, with a population about the same as 
Great Britain, and very slowly increasing, and with no great 
colonial forces behind her, cherishing, as she undoubtedly does, 
such vast schemes, extending indeed to Asia as well as to 
Africa. If she may be reproached with temerity, may not alarm 
on our part as to the responsibilities of empire be regarded as an 
opposing extreme ? 

Spanish Colonies in Africa. 

The Spanish colonies in Africa or near its coasts occupy a 
subordinate place. They include the four Presidios or garrisons 
on the north coast, very ancient possessions of Spain, with the 
Chafarinas Jslands. Of these, Ceuta is the most important, and 
has belonged to Spain since 1580. On the West Coast there is 
Ifni, an enclave in the Morocco temtory, 29° 7' lat. N., lately 
occupied, and farther south the Canary Islands, first occupied in 
1427, and purchased by the Spanish Crown m 1478. The last are 
by far the most valuable settlements of Spain on the African 
coast Their extent is only 2,808 square miles, but the popula- 
tion is considerable (280,974), and the trade with Great Britain 
(expoi'ts and imports included) amounted in 1883 to £360,742. 
From Cape Juby to the French territories farther south there is a 
long desert riverless coast, extending over some 700 miles. It is 
stated, but we do not know if on good authority, that Spain has 
annexed this coast line — there is better evidence that some 200 
miles of valuable fishing grounds off the coast have been placed 
under the protection of the Spanish flag. We may notice here that, 
immediately south of Cape Juby, Matas de S. Bartolome has been 
occupied since 1878 by Mr. Donald Mackenzie, acting on behalf 
of some London merchants, with the object of flooding part of the 
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Sahara from the sea. A factory was also founded.* This terri- 
tory has been claimed by Marocco. 

Passing down the Guinea Coast we reach, in the Bight of Biafra, 
Fernando Po, a Spanish possession. It was ceded to Spain by 
Portugal in 1778, but was again abandoned in 1782. In 1827 it 
was for a time occupied by Great Britain as a military port, and 
a settlement was formed at Clarence on the north side, partly of 
slaves liberated by British cruisers, partly of settlers from Sierra 
Leone. The Spanish reclaimed, however, the possession of 
Fernando Po, and in 1845 returned to the island, which had 
become more valuable from British enterprise in opening up the 
Niger. The island is one of great beauty — over it there towers 
the forest-clad Clarence Peak, 10,190 feet in height, and on the 
opposite coast there rises the gigantic pyramid of the Cameroon s, 
13,129 feet high. From the German White Books we learn how 
much it was desired as a German naval possession, from its com- 
manding position opposite the great Delta of the Niger, but Spain, 
now appreciating its value, is not likely readily to part with it. 
Farther south on the coast there is the Spanish island of Corisco, 
opposite Gabun, with the strip of territory San Juan on the coast ; 
the island of Annobon is further south. The area of Spanish 
territory here, including Fernando Po, is 850 square miles, and 
the population 35,000. The British trade with Fernando Po 
amounted in 1883 to £17,808. 

The Colony op Liberia. 

This colony of free blacks is situated on the Grain or Pepper 
Guinea Coast, its western boundary being the frontier of the 
British Sierra Leone colony at the river Mannah. On the east 
it extends beyond Cape Palmas to the river S. Pedro. Beyond 
Cape Palmas, however, its authority seems to be nominal. The 
extent of coast line is some 350 miles, f It penetrates inland 
from 30 to 60 miles, and its area is given by Bohm and Wagner J 
at 18,950 square miles. Tlie colonial population is estimated at 
18,000, the aborigines at 1,050,000— making in all 1,068,000. 
The latter estimate as to the native population is quite uncertain. 



* Territorial Partition, &c. — Sir Rawson W. Rawson, p. 3. 
t This is Sir Rawson W. Rawson's estimate. Others have given it a 
larger extension, but this seems the more correct. 
X In Petermann*s "Mittheilungen," 1882. 
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however, and that also as to the extent of territory, the inner 
boundaries to the north having never been defined. Its trade is 
not given in any statistical accounts we have met with, but seems 
to be growing. Its chief exports are, as with most of the Guinea 
Coast colonies, palm oil and nuts, dyewoods, ivory, sugar, coffee; 
the last promises to become a valuable and extensive trade. 

As regards the history of this colony, a committee was formed 
in Washington, U.S., the benevolent object of which was to restore 
the emancipated blacks to Africa. Their position in the United 
States at the period was anomalous and often unhappy, and it 
was hoped, that by enabling them to emigrate to their original 
continent, they might find there a more useful and honourable 
career, and aid in civilizing Africa. In 1822 a tract of land was 
obtained by the American Colonization Society on the Grain Coast, 
and the new colony of Liberia was founded. In 1847 Liberia 
proclaimed itself an independent Republic, and after some years it 
obtained an important extension by union with the adjoining sister 
colony of Maryland, the territories of which lay farther to the 
east, extending to the river S. Pedro. 

There are some features as regards this colony which, notwith- 
standing its limited extent, render it of special interest in connection 
with African colonization. One characteristic is that its basis as 
a colony is neither Asiatic, like the Arab colonies, nor European, 
like the others; and that yet, while of African origin, Liberia 
is still a colony and from a more distant continent, made up of 
men recently slaves, but who have, from contact with a higher 
culture, reached a larger measure of civilisation. The black 
colonist of Liberia feels himself on a very different level of civili- 
sation from the aborigines around. It is a somewhat remarkable 
fact that the adjoining Sierra Leone colony has to a certain extent a 
similar basis. One of its earlier constituent elements was also 
American blacks, who, following the fate of their loyalist masters, 
were first settled in Nova Scotia, an ungenial climate for them, and 
then, aided by the Government, emigmted to Sierra Leone — a new 
free black colony. A second characteristic of Liberia, of still 
more interest, is that it is autonomous, and is also a Hepublic. 
We regard the former element, however, as far the more im- 
portant. If Liberia has been in any way a failure, this has 
hinged on its autonomy more than on its mere form of rule. 
It is the only black colony in West Africa of this character. 
The British colonies of Lagos, of the Gold Coast, of Sierra Leone 



Eet. J. E. Carltle on African Colo7ue$ an^ (^ohnuzafion. 151 

are almost as black in their oonstitaent elementa French Sen^;al 
IS periiaps Icbb bo; bat in all of these the higher directing governing 
pover is not African, bat belongs to a higher dvilixation. 

The result as regards antonomj in Liberia, cannot be in point 
of fiict regvded as a saooess. There has been stagnation nither 
than progress, the moral tone of the colony has not been high ; the 
colonists, in place of laboaring to bring the soil into cultivation, 
liaTa preferred to cling to the towns and villages, indulging in 
indolent habits, and boastful of their superiority to tbe natives ; 
the tendency has been rather for the colonists to sunk to the 
lower level around them, than to contribute much, as American 
philanthropists had hoped, to spread the blessings of civilisation 
in Western Africa. And yet some of these natives on the coast 
of Liberia are among the most susceptible of progress of any in 
Africa. The Km are one of the most advancing of the Nigritian 
They are found to be invaluable in these tropical and 
climates in the navigation of European ships; doing the 
roarer work, and saving the ship's crew from too much labour in 
so great heat. Mr. Stanley at the Congo and the European 
ftctories and plantations generally derive from them great advantage ; 
yet^ when these Kru men go back to their country, it is generally 
to sink back into their original barbarous usages and manner of 
life. American Christianity has done much and nobly to meet the 
evil by educational institutions; but the mission journals are the 
first to deplore liberian apathy. There have been times indeed in 
the history of the colony, as in 1875, when the Liberian troops 
have been utterly worsted by the forces of the native chiefs, their 
gons and ammunition taken, and the very existence of the colony 
threatened. Still, we feel that the future of Liberia is assured. 
lliere have been individual exceptions to this colonial apathy. 
A Mr. Anderson, for instance, a native Liberian, made a journey 
inland to Musardu to open trade with the Western Mandingoes, and 
there are others not devoid of enterprise and ambition to push 
inland. American and European commercial agencies are 
working, if indirectly, to secure the future development of the 
colony. It is to be hoped that both Sierra Leone and Liberia, so 
near the upper springs of the Niger, will reach the river, and obtain 
their fair share in the free trade to be introduced there. With all 
this hope, still we think an important lesson to be gathered from the 
history of this colony is, that Africa is not yet prepared for 
autonomy. If higher races in their contact with inferior ones 
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often degrade and ruin them, and this has been the rule rather 
than the exception, as the history of many colonies signally proves ; 
on the other liand, if that higher intelligence and force of character 
they possess are enlisted in favour of the elevation of the abori- 
gines, they may be the most powerful agencies to qualify them for 
the highest rights and privileges of humanity. Witness British 
India, and we trust there will be many a page in the future 
history of African colonization telling of the success of the work 
in native elevation. 

The Congo Region. 

The recent General Act of the Berlin Conference, signed 26th 
February, 1885, is a document of great importance in the history 
of commercial settlements and European colonization. The impor- 
tant designs of the Berlin Conference are very well stated in the 
General Act itself.* They sprang **from a wish, in a spirit of 
good and mutual accord, to regulate the conditions most favourable 
to the development of trade and ci\dlization in certain regions of 
Africa, and to assure to all nations the advantages of free naviga- 
tion on the two chief rivers of Africa flowing into the Atlantic 
Ocean." It was desired also "to obviate the misunderstanding 
and disputes which might in future arise from new Acts of occupa- 
tion on the coast of Africa." The Conference was also designed 
" to concern itself as to the means of furthering the moral and 
material well-being of the native populations." 

We limit ourselves here to the Congo region and the provisions 
regarding it. As many of the arrangements for the Niger are 
similar or identical in character, we shall be able to bring within 
shorter limits our notice of the Niger region. 

A few preliminary statistics may be here given as to the Congo. 
It is a river extending some 2,690 miles, and draining a basin 
of 1,330,000 square miles. The Lower Congo extends some 388 
miles to the Stanley Pool; of this 110 miles are navigable to Vivi, 
from thence there is a break of cataracts of 52 miles to Isanghila, 
where the road must be used, then there is again the waterway to 
Manyanga for 88 miles, where again there are breaks in the 
river, and there is a land journey of 88 miles to Stanley 
Pool. Here begins with this large inland lake, as it might be 



* Wc quote from a translation of the General Act of the Berlin Conference 
given in the TimeSy 27th February, 1885. 
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described, with a length of some 23 miles, a breadth in many 
parts, scarcely less — an area of about 350 miles — the Upper 
Congo. The upper river passes through more fertile country, 
and is navigable without a break some 1,060 miles to Stanley 
Fall& There are also navigable affluents on both sides, and it is 
reckoned that there is thus an aggregate length of river navigation 
of 3,000 miles, Proceeding higher up beyond the falls, there are, 
with some slight obstructions, 2,000 miles more, making in all 
5000 miles, or, if both river banks be included with the affluents, 
10,000 miles.* These are inhabited by tribes willing to carry on 
peaceful commerce, in some parts indeed eager and energetic 
traders, making long voyages down the Congo to exchange, at 
Stanley Pool, their products for those of Europe and America. 

A geographical feature of importance regarding the Congo is 
that it does not resemble the Niger nor the Nile, with their large 
widely spreading deltas ; it pours its vast waters into the Atlantic 
in one great volume betwixt Banana Point and Shark Point 
— some 1\ miles acrosa Its depth is here almost unknown; 
soundings on some points have reached 1,300 feet The i*esult of 
Uiis comparatively narrow exit, added to the cataracts of the 
Lower Congo is that much of the trade of the upper river with its 
affluents reaches the ocean by other routes or river ways than by 
the Congo. It is thus that the commercial basin of the river is 
larger than the geographical, and has been estimated at 1,400,000 
square milea 

Looking at the great Congo basin commercially as well as 
geographically, it is to be noticed that when we reach its more 
easterly limits, such as Lakes Tanganyika, Moero, and Bangweolo 
— ^there is a ready access to the ocean on the east as on the west — 
traffic can be, for instance, carried more readily on from Lake Tan- 
ganyika and its eastern affluents to the Indian Ocean than to the 
Atlantic. By land this may be found extremely expensive, but, 
as we have already noticed, there is now a road to Lake Nyassa, and 
thence by the Shir§ to the Zambezi and the Ocean, the waterway 
extending 1,400 mileis, with only 275 miles of land carriage. All 
this explains the advantages of an extension of the free commercial 
system of the Congo, and of unrestricted access eastwards to the 
territories beyond, extending to the Indian Ocean. It is to be 

* These are Mr. Stanley's estimates. They can of course bo regarded as 
approximations only. 
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added here that in these eastern regions there are vast tracts 
subject to no civilized power, and that it were advantageous 
in every way were all these embraced in one liberal system. If 
equatorial Africa were thus in all its breadth opened up to com- 
merce and to civilization, Mr. Stanley has stated that within this 
wide extent " there would be nearly 80,000 square miles of lake 
water — fertility that no equatorial or tropical regions elsewhere 
can match; a population he estimated at 90 millions; gold and 
silver deposits abundant, copper and iron mines ; valuable forests, 
producing priceless timber, inexhaustible quantities of rubber, 
precious gums, and spices, pepper and coffee, cattle in countless 
herds, and people who are amenable to the courtesies of life."* 

We now notice, without entering into much detail, the leading 
articles of the Berlin General Act. The first of these defines the 
territories where the trade of all nations is to enjoy complete 
freedom. On the west, or Atlantic side, all the littoral is included 
between Sette Gamma on the north to the mouth of the river 
Loge on the south — this is approximately 2° 30' to nearly 8* S. 
Lat, or a distance of about 500 miles. From Sette Gamma, the 
northern limit, the boundary follows the course of the river inland, 
" then trends eastward, avoiding the basin of the Ogowe until it 
reaches the geographical basin of the Gongo." On the south "it 
follows the course of the Loge to its source, and thence passes 
eastwards till it joins the geographical basin of the Oonga" In- 
ternally all the regions forming the basin of the Gongo and its 
outlets are embraced. The " basin is bounded by the watershed 
or mountain ridges of the adjacent basins, namely, in particular 
those of the Niari, Ogowe, Schari and the Nile on the north ; by 
the eastern watershed line of the affluents of the Tanganyika on 
the east, and by the watersheds of the basins of the Zambezi and 
the Loge on the south." " It comprises thus all the regions watered 
by the Gongo and its affluents, including Lake Tanganyika, with 
its eastern tnbutaries." 

But beyond this, the free territory stretches eastward also, from 
this great Gongo basin to the Indian Ocean, extending there from 
5*" N. Lat. to the mouth of the Zambezi in the south — then 
ascending the river to its confluence with the Shir6, then follow- 
ing the watershed between the affluents of Lake Nyassa and those 



* See Timet* report of Mr. Stanley's speech at the West African 
Conference on November 27, 1884. 
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of the Zambezi, till at last it reaches the watershed between the 
waters of the Congo and the Zambezi As regards this eastern 
zone of territory, a distinction, however, is made in the Berlin Act 
The Oonference Powers undertake here engagements, only for 
themselves, to carry out the piinciples of free trade. In the 
territory belonging to an independent sovereign state, such as 
Portugal or Zanzibar, this principle is *' only applicable so far as 
it is approved of by such a State. The Powers agree, however, 
to use here their good offices with the Governments established 
on the African shore of the Indian Ocean for the purpose at aU 
events of securing the most favourable conditions to the transit 
traffic of all nations.'' 

Here it is to be regretted, we think, that Zanzibar was not 
represented at the Berlin Conference. She has a deep interest in 
the decisions of the Conference, and an opportunity might have 
been found of adjusting her trade arrangements so far to meet 
them. In addition, as in the case of Portugal and the other 
territorial Powers on the west, the occasion might have been taken 
of finally settling what her ten;itorial claims and rights are. This 
may not be difficult to establish as regards the coast-line, but how 
far her territories or her protectorate extends inland is a question 
of greater complexity. It is to be feared that for want of this 
serious misapprehensions and complications may arise. 

Passing from the definition of boundaries, the most important 
articles in this general Act may be said to be those defining what 
this complete freedom of trade is. This is exhaustively treated. 
It is enacted thus, that all flags, without distinction of nationality, 
have free access to the Congo, all its affluents, all its ports, all its 
canals, railways, or roads, constructed to facilitate trade ; that no 
differential duties whatever are admitted, and no other taxes or 
duties imposed than those levied as fair compensation for expendi- 
ture on the interests of trade ; that as regards navigation, all is 
open to the merchant ships of all nations equally, not only from 
the open sea, but for the coasting trade and boat traffic. The Act 
of Navigation for the Congo is based on the general principles 
enunciated in the final Act of the Congress of Vienna (Articles 
108 and 109), and since applied to various rivers, specially to the 
Danube. To carry out this Act of Navigation, an International 
Commission is appointed to draw up a body of navigation, river 
poUoe, pilot, and quarantine rules, and to see that they are not 
infringed. Where there is a riverain power, authority is to be 
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exercised directly by it; where there is not, the Commission is to 
take the necessary measures for the navigability of the river. 

One of the most important provisions here is that all com- 
modities imported are free from import and transit dues. Only 
export taxes are admitted, to meet the expenditure in the interests 
of trade. The exports, it is understood, have been thus selected, 
as the articles are fewer and their value can be more readily 
estimated. At the end of 20 years the Powers may renew, con- 
sider, and determine whether the freedom of import shall be 
retained, but it is understood that, whether continued or not, no 
differential duties ean be then introduced. All must remain in 
harmony with the entire freedom of trade now existing. In 
reference to this limitation of dues to exports, even now there 
appears to us one grave objection. It will admit intoxicants at a 
low price, and unless this can bo in some way regulated and 
checked, the consequences to the natives will be almost necessarily 
disastrous. 

For the purposes of trade it is of importance to facilitate com- 
munication. It is satisfactory to find that Article 7 of the Berlin 
Act provides that the Convention of the Universal Postal Union 
shall be applied to the basin of the Congo, and it asks of the Powers 
exercising sovereign or protectorate rights to take measures, as 
circumstances enable them, to carry out this arrangement. 

Passing from the arrangements of trade, it is gratifying to find 
in this important international document, along with its expression 
of concern for the well-being of the natives, provisions practically 
fitted to promote it. All the Powers — not only those exercising 
sovereign rights, but all having influence — " bind themselves to 
watch over the preservation of the native tribes, to care for the 
improvement of the condition of their moral and material well- 
being, and to help in suppressing slavery and especially the slave 
trade." It is not stated, as regards slavery, what is practically to 
be done ; but the clause indicates that the ultimate design is its 
abolition, and we presume none of the Powera will allow their 
subjects to hold slaves. As regards the slave trade the declaration 
is more stringent than any previously made. Trading in slaves 
is not only forbidden in conformity with the existing principles of 
international law, but " the operations which, by sea or land, fur- 
nish slaves to ti-ade ought likewise to be regarded as forbidden." 
And the Powers exercising sovereign rights " declare that their 
territories may not serve as a market or means of transit for the 
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trade in slaves. Each of the Powers binds itself to employ all the 
means at its disposal for putting an end to this trade and punishing 
those who engage in it." These are emphatic declarations, and, 
extending as they do so widely over equatorial Africa, they are 
" another nail, as it were, in the coffin of the great oppressor of 
humanity— Slavery." 

There are other provisions to which the powers bind themselves 
of great importance to the natives as well as to colonists. " They 
shall, without distinction of creed or nation, favour all religious, 
scientific, and charitable institutions and undei*takings, aiming at 
instructing the natives, and bringing home to them the blessing 
of civilisation. Christian missionaries, scientific explorera will be 
objects of special protection. Freedom of conscience and religious 
toleration are guaranteed to all, and the free and public exercise 
of all forms of divine worship." The importance of missions is 
thus duly appreciated. The chief work of Christian missions is 
to christianize, but they have also shown how the inner forces of 
Christianity are powerful also to civilise. The good effected by 
them for the elevation and culture of the ruder races begins to be 
owned in general society, and a wider sympathy with missions 
to be felt. Here it is as it were internationally recognised, and the 
co-operation of mission forces invited. Already, indeed, Christian 
missions (European and American) are at work on the Congo, 
its many languages are being studied, education has begun, and 
missionary steamers now ply the watei-s of the mighty stream 
with its affluents. The experiment thus of a free system of com- 
merce, and along with it of free Christianity, is being tried over 
a vast area, and with exceptional energy of force, material, moral, 
and spiritual May it issue in commensurate results !^ There is 
one evil which we trust will be avoided on the Congo, the degra- 
dation of missions, and of Christianity when perverted to be the 
instruments and agents of political designs and ambitions. 

There is still another declaration of the General Act of the 
Berlin Congress which, from its importance, merits our notice. 
It is that relating to the future occupation of tenitory on the 
coasts of the African continent. The question is of real interna- 

* Ab regards the action of mission agencies in gradually educating the 
natives upwards from the ruder stages of barbarism to that higher 
intellectual and moral position, qualifying them for the duties, responsi« 
bilities, and rights of civilised freemen, we have collected a number of valu- 
able testimonies, but our limits prevent us from using them. 
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tional importance. Africa is the last gi^eat colonial field to 
occupy. There may yet be formed in it vast settlements east and 
west and north, and they offer the prospect of trade and of wealth. 
Hence the scramble for annexation — something akin to the fierce 
struggles of the Exchange — and the results of which may be 
hostility, bloodshed, disaster for the native races. The Articles 
passed thus regarding new occupations are valuable. They are, 
that any Power taking possession of a new tract of country on the 
coasts of Africa, or that assumes a protectorate, must notify this 
to the other Powers so as to enable them to advance, if necessary, 
any claims of their own in bar. Such a Power must ensure the 
establishment of its authority in the regions occupied by it 
'* sufficient to protect existing rights and, as the case may be, 
freedom of trade and of transit under the conditions agreed upon." 
It will be noticed that this arrangement relates to the coaists. Why 
the interior should not have been included is a question we are not 
able to answer. The obligations, it will be observed also, as regards 
occupation, are so stated as not to include any definition of the 
obligations of a vdQve protectorate. 

The question of territorial rights in the Congo region was, not 
raised at the Berlin Conference ; it was one at the same time so 
vitally affecting the future of the territories that attempts were 
made, contemporaneously, to solve it. These were, happily, suc- 
cessful. Poii;ugal, France, and the African International Associa- 
tion were the parties making territorial claims, and these, by special 
treaties, have been adjusted and settled. How far the whole 
commercial basin of the Congo, especially on its eastern side, has 
been allocated, we have no authentic documents yet to establish ; 
but as I'egards the west, which it was more ui'gent to settle — the 
Atlantic African coast line — the Lower Congo and the Upper 
Congo to a considerable extent have been apportioned. 

Portugal has now the right which it claimed to the whole coast 
from Cape Frio up to the south bank of the Congo recognised. 
Its territory then extends up the left bank of the river to Nokki, 
including it, and from this point its frontier runs straight east- 
ward, but not beyond the Kwango. If we cross to the north side 
of the Congo, and pass over some 38 miles of coast, the Portuguese 
frontier again is reached at Red Point, extending across the Chilo- 
ango to Massabe, and including Landana, Molembo, and Kabinda^ 
where there ai*e a great many Biitish settlements. The territory 
extends also some 46 miles inland. Portugal has thus made oon- 
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siderable gains, and has an excellent basis of trade for the Upper 
Congo, which is free to her as to other nations. 

At Massabe the French frontier is reached, and extends to Sette 
Gamma, the northern boundary of the Ck)ngo commercial basin. 
Her coast line is some 230 miles here, and it joins on to her ex- 
tensive colonial possessions on the Gabun. The Niadi Kwilu 
line of access to the Upper Congo, formerly in the hands of 
the International Association, is thus in her territory, and she 
can in this way reach the Higher Congo by an alternative route 
to the Ogowe, by a line said to be more accessible and advan- 
tageous for commerce. While shut out from the Lower Congo 
territorially — France at Manyanga reaches the river — her Niadi 
Kwilu line of access will be here to her of great value. From 
this point, the left bank of the Lower Congo, of Stanley Pool, 
of the Upper Congo, is hers, reaching at least so far as the 
equatorial line. The territory she thus possesses in the Congo 
basin can scarcely be estimated at less than 200,000 square miles. 
Joining on northwards to the Gkibun Colony, and stretching to an 
undefined interior land northward^ it is impossible to estimate the 
extent of territory France now holds in the equatorial African 
region. 

There remains to notice the territory now possessed by the 
African International Association. This begins at Banana at the 
mouth of the Congo, on the north or right side of the river, extend- 
ing northwards on the coast to Red Point, and eastwards along 
the north bank of the Lower Congo, by Yivi and Isanghila, to 
Manyanga. On the south side of the Congo* the bounds of its 
territory begin from Nokki, and extend along the south bank of 
the Congo to Stanley Pool. Limiting ourselves here to the Lower 
Congo, it will be seen that the Afiican International Association 
has obtained space enough to keep an open independent way from 
the mouth of the Congo to the upper river. Crossing above 
Nokki, there might be a railway made direct to Stanley Pool, 
avoiding the cataract-broken pai*t of the stream altogether. But 
Mr. Stanley's plan is rather to avail himself of the river so far as 
may be. Thus the water-way from Banana to Vivi may be used 
110 miles; then there is a distance by land to Isanghila of 52 
mile& Again, there comes a navigable reach of 88 miles to 
Manyanga, and then 95 miles land-carriage to Stanley Pool by the 
south bank. There are thus in all 147 miles of land-carriage, and 
for this distance Mr. Stanley proposes to construct a railway, the 
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cost of which he estimates at not more than X3,000 per mila The 
Association, he has no doubt, will guarantee 5 per cent, on this 
to the shareholders. As the country is well inhabited, every mile 
of the line would contribute its traffia 

On reaching Stanley Pool and the Upper Congo, all the south 
side of the river belongs to the International Association, and there 
are also the magnificent southern affluents. Some forty stations 
have been formed in all, reaching up from Boma, on the Lower 
Congo, to Stanley Falls. When the Equator Station (Ikengo) is 
reached, the territories of the Association seem to embrace the 
north as well as the south side of the Congo, and further eastward 
most, if not all, of the remoter and unoccupied regions are included 
in the Congo commercial basin.* Mr. Stanley states " that the 
boundaries of the Free State comprise in all, roughly speaking, an- 
ai'ea of about 900,000 square miles;" of this, " 600,000 square 
miles are of unsurpassed fertility, and the remainder less valuable, 
but still of excellent quality." The territory comprises over 
41,000 square miles of lakes, besides nearly 4,000 statute miles of 
navigable rivera The vast region embraced he estimates as 
having a population of thirty millions. 

The chief products are " palm oil, rubber, gums, coffee, copper, 
ivory, camwood, orchiUa weed," tfec, and there are, besides, vast 
areas covered with the most valuable timber, such as ebony, 
mahogany, lignum-vitie, teak, and redwood. Near one station 
alone (Lukolela, on the Upper Congo), Mr. Stanley calculates that 
there are 30,000,000 cubic feet of timber, which would command 
the highest prices in the European market. There is thus a large 
field for those nations skilled in forestry, as the Germans and the 
French, to establish a valuable trade. From the great fertility 
of the soil, and the large population in many parts, it would 
seem that agricultural ])lantations, under civilised and skilled 
superintendence, might prove richly remunerative. The com- 
mercial activity of many of the tribes seems also remarkable — so 
many as 2,000 elephants' tusks may be found at a time at Stanley 
Pool, transported from the most distant regions. 

Mr. Stanley gives an estimate, which must be of course 
regarded as conjectural, of what the trade, if developed, might 

* We owe our information here, in large measure, to a coramuuication 
of Mr. Stanley's to a correspondent of the Standard (3rd March, 1885). 
This was accompanied by a map. See the map also we give at the end 
of this paper. 
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be of the commercial basin of the Congo. He bases his calculations 
on the existing trade of the Lower Congo, which he estimates at 
j£2,800,000.* As the upper regions are so fertile, and so greatly 
more extensive, the trade, he thinks, should be worth £70,000,000 
— this is nearly as much as the existing trade of all Africa with 
the outer world. 

The Niger Eeoion. 

The provisions of the General Act of the Berlin Conference are 
intended, as we have already noticed, to ensure the same advan- 
tages of free trade and free navigation equally to the Niger as to 
the Congo. It is indeed to be regretted that they have not a wider 
extension, so as to embrace the Ogowe, the Gabun, the Senegal, 
the Zambezi, and the Nile — at least its upper part. As Sir 
Eldward Malet, the British Plenipotentiary, very well stated: — 
H.M. Government would see with pleasure the extension of these 
principles not only to the Congo and the Niger, but equally to 
other African rivers. They are, in fact, practically carried out 
wherever the British flag flies in Africa — on its Southern coast, on 
the Gambia, along the Guinea coast, at the Delta of the Niger, 
along the Lower Niger, as far indeed on British influence prevails 
on the Niger, to Boussa on the Kwara, and to Yola on the 
Binue. It would be a noble triumph indeed not only for commerce, 
but for the civilisation and progress of Africa, if the whole con- 
tinent were emancipated from the narrow exclusive diflerential 
system and enjoyed free trade in its completeness, as India now 
does. 

While the same general principles embodied in the enactments 
of the Berlin Conference are carried out on the Niger as on the 
Congo, yet, from the different character of the rivers, their different 
history, their existing conditions, the application of these leads to 
considerable diversity as to the arrangements for the future. It 
may be well, then, to notice here the leading facts regarding the 
Niger — its past and its present. 



* Mr. Ravenstein states that, for the Lower Congo, 1883, the return was 
as follows : — 

« 

Imports, £884,000 

Exports, 1,856,000 



£2,740,000 
Vol. XVI. l 
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The Niger, if we look first to its Kwara branch, which, as the 
principal, may be fairly called the Niger, rises within 200 miles of 
the West Guinea coast, at Mount Loma, E.N.E. of Sierra Leona 
The rivers Bafi and Eokelle from the coast nearly approach it. 
Its sources are nearer thus to British African territory than to 
any other. The Kwara thence flows to the north-east towards 
Timbuktu ; passes then over a considerable part of the Sudan, 
and then bending in a south-east direction reaches the Atlantic at 
the Bight of Benin, 2,600 miles from its source. The Upper 
Niger, or Kwara, is navigable from Bamako to the Port of Tim- 
buktu, and somewhat further down ; how far higher up from 
Bamako has not, we believe, been ascertained. From the Port of 
Timbuktu to Boussa, a distance of some 1,000 miles, not very well 
known 83 yet, there are many cataracts ; but in part* the river is 
quite navigable. From Boussa to Akassa, at the mouth of the Nun, 
the most navigable of the main streams of the Niger, the distance 
is some 600 miles. Steamers now regularly ply these waters. In 
the descent from Boussa, at a distance 300 miles further down, we 
have the confluence of the great tributary of the Niger, if it can be 
so called, and not rather a sister branch — the Binue. The Binue, as it 
joins the Kwara from the east, is a wider river even, and its waters 
are blue and clear, unlike the Kwai-a. The Binue is also a navig- 
able stream, and steamers ply on it to Yola, 450 miles from the 
confluence, 750 miles from the mouth of the Niger. This is a 
distance to the east 150 miles further than Boussa to the west 
The Binue has been ascended further to Kibago, a distance of some 
140 miles. The higher i^eaches of this great stream are scarcely 
yet well known; they extend undoubtedly much higher in the 
direction of the Schari, possibly in the rainy seasons even joining 
it ; they seem undoubtedly to afford an important way of access to 
Lake Tsad. Returning from the Binue to Lokoja, we descend the 
Lower Niger, where there are now many commercial and Mission 
Stations, and we reach Ibo, 140 miles from the sea. Here the 
river branches out widely. There is a maze, it may be said, of 
watery canals, and vast mango swamps poisonous to the voyager, 
yet not wanting in their beauty; then by twenty-two mouths, 
extending from the river at Benin to the Bonny, the Niger 
pours its watera into the Atlantic over a space of some 280 
miles at least. 

The races who people the banks of this great river are 
mainly Nigritian; the number of tongues they speak, hard to be 
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reckoned.* Among the chief of these races are the Hausa — a 
most intelligent people, with a language, noble and rich, so widely 
spoken that it has been called Lingua Franca of the Sudan. The 
predominant race, however, along the banks of the Niger, from 
west to east, on the Binue as well as the Kwara, are the Fulah. 
Their principal seats were, earlier, on the west at Futa Jallon 
and the Upper Niger, but they have now extended far beyond 
this, occupying both banks of the Niger ; they possess Massena also. 
The lands^ betwixt it and the middle course of the Niger, down to 
the confines of the Ashante, are also ruled by them. Timbuktu, as 
we have noticed elsewhere, seems destined to be theirs, unless the 
Europeans intervene. Then, further east, the mighty kingdoms 
of Gando and Sokoto are under their sway, and from Sokoto they 
press forward to Adamawa, and, if no serious hindrances oppose, 
their march will be towards equatorial Africa and the Middle Congo. 
They are found also in Bomu, Baghirmi, and Wadai, even so 
fiur east as Darfur. Over these wide regions they do not indeed 
compose one compact race, they are scattered in groups — in some 
places as peaceful herdsmen, in others as conquering races holding 
in subjection the tribes they have subdued, in others again as 
hostile warriors fighting with rival forces. 

The origin of this important race is uncertain. Herr Krause, 
one of the greatest Nigritian scholars, calls the language Proto 
Hamitic — the earliest form of the Hamitic tongue. If so, they 
are probably a branch of the great Hamitic race, represented so 
widely in North Africa. In the last century converted to Moham- 
medanism, they first began to display on a large field their political 
energy and their religious enthusiasm. They developed a military 
energy and valour which won for them immense conquests. 
Their first great victor was Otman dan Fodio, a Fulah priest. 
He proclaimed a "Jehad," or holy war, and gradually victory 
fell to his arms; Gando he left to his brother, and the 
dynasty still hold it ; Sokoto fell to his son, and it is still the 
centre of aggressive military effort ; Massena, further west, was 
founded as a kingdom by one of his generals. He and the 
dynasties who followed him have been constantly at war with 
the heathen races, and everywhere have conquered Fetichism, 
with its drivelling superstitions, its fantastic magic spells, and its 
hateful and abominable cruelties. 



* See Mr. Cast's useful and exhaustive work on the "Modern Languages 
of Africa."— Trttbner & Co. 
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The extent of terricory oecnpied by dkeM laea as the panuDoant 
power it ia hard to estimate. Ic probablj ezoeedB a lomth at 
Europe. Sokoto, one of the kiiigdoma» is oa large as Spain, with 
a popohition of some 12 or 13 miiliona : Boma is as large as Eng- 
famd, forthor to the east. There are also crowded citifiSy as San- 
mndig on the west, with some 30,<»): ^da, with its reputed 
100,000; Kano, 30,00) ; Kuka, 60,(XH}; Yakobo, not far from the 
Binney I50,00<}, in a climate said to be suitable for £an^)ean& 
There are also Babba and Egga on the Xiger^ important and 
it would seem, growing towns. There is a certain amoant of 
ciTiliflation to be foond in these cities and kingdoms — a barbaric 
s|dendonr — great fanaticism, and slavery and the slave trade at 
the Tery roots of their life. We may anticipate thus that the 
p ro g re ss of higher civilisation and of Christianity will encounter 
more aerioos obstacles than on the Congo ; and yet these are not 
certainly to be r^arded as invincible. 

We glance at the history of the Niger, upper and lower. The 
upper part was reached first by Mango Park in 1 785. Starting 
on his journey from Pisania, in British Gambia, he tirst saw the 
great river, which had till then bat a legendary existence, at S^n. 
Although so high up, it had even there a breadth like the Thames 
at Westminster Bridge — much higher up indeed, at Bamako, it 
has a breadth of nearly a mile. He made two descents by the 
Niger, one as far as Silla, the second to Boussa in 1805, where the 
famous geographer is believed to have perished by drowning. In 
1821 jVIajor Laing, another intrepid British explorer, reached Tim- 
buktiL He was afierwards assassinated in making his way north- 
ward to Marocco. Two years after, the Frenchman R^ne Cailli6 
was the first to bring back to Europe an account of the long- 
sought city. Since this period two French officers, K Mage and 
Dr. Quintin, contrived to push forward from Senegal to Segu — 
others have followed from West Africa. In 1880, as we noticed 
in referring to the French colony of Senegaml)ia, Captain Gallieni 
made a treaty with the King of Segu, by which the Toucouleurs 
are stated to have placed themselves under the protection of 
France. A steam gunboat, transported in sections to Bamako, 
now carries the tricolor up and down the reaches of the river, 
navigable from hence to Kabara the port of Timbuktu ; and the 
upper Niger may now be regarded as territoiially under the 
protectorate of France. 

The middle Niger, extending nearly 1,000 miles from Kabara tc 
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the Boussa Falls, flowing chiefly through Fulah territories, has 
been only partially explored. It is believed that Mungo Park is 
the only traveller who descended its entire course to Boussa, 
where the lower river begins. Barth crossed the Niger at Say. 
From Flegel's testimony it would appear that below Gogo there 
are some impassable rapids; above these are those at Sav and 
Barrum. For 1,000 miles the Niger can, with difficulty, be navi- 
gated 

It is the Lower Niger which is best known, and where com- 
merce has made most advances. The brothers Lander were the 
first (in 1830) to discover the true lower course of the Niger. 
Their expedition, conducted at the expense of the British Grovem- 
ment^ crossed from Badagry overland to Boussa through Yoruba. 
Taking canoe there, they descended swiftly the river, arriving at 
the Nun mouth, thus settling the question of the outlet. Several 
heroic attempts were then made to open up commerce on the Lower 
Niger, beginning with the ascent of Macgregor Laird, in 1832, in 
two steamers — an ill-fated expedition. Then there followed in 1841 
Captain Trotter's expedition, with three steamers. This was in 
part a failure, yet its results were in the end important. A 
cession of territory was obtained at the junction of the Kwara and 
Binue, the course of the latter great stream having been previously 
ascertained by Lieutenant Allen, of the British Navy, in 1833. A 
model farm was established there. One of this expedition was 
Samuel Growther, then a liberated slave and Christian teacher, now 
the estimable Anglican Bishop of the Niger. In 1 849 Lord Palmer- 
ston organised a new expedition, of which Mr. Bichardson was 
leader; and at his death Dr. Barth, who had accompanied him, 
took liis place, and reached the Binue at its junction with the 
Faro in 1853. Dr. Baikie ascended the Binue in 1854 to a 
place called Dulti, 350 miles. Dr. Flegel has since penetrated to 
Ribago, some 140 miles higher up. Dr. Baikie was settled as 
Consular Agent at Lokoja, at the confluence of the two great 
rivers, for seven years, beginning 1857. 

English trade, following in the steps of the Government, has 
given special attention to these markets of the Niger. Laird was 
the chief agent in this, in which he was favoured by the British 
Government. After his death trade languished till 1864, when 
the West African Company was formed. This prospered, and 
others followed, all being amalgamated in 1879 in the important 
association known, as the National African Company. French 
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companies were afterwards formed to enter into the trade, but one 
of them has since withdrawn from the trade, and the other is merged 
in the National African Company. The trade of the Niger basin is 
thus almost exclusively in the hands of this Company. We are 
informed by the Company that their total number of factories 
exceeds 100, and that their stations extend from Boussa on the 
Kwara, 600 miles from the sea, and on the Binue to Yola, 750 miles. 
There are thus some 2, 100 miles of river banks reached by their trade. 
In consequence of this commercial expansion, the British Grovem- 
ment has taken under its protectorate the Lower Niger— how fax 
this extends on the Kwara and Binue is less known. This pro- 
tectorate also extends along the coast, from the mouths of the 
Benin to Eio del Key. This embraces the entire delta of the 
Niger, branching off at Ibo into its 22 mouths, with the Cross 
River also — a distance of some 320 miles. 

We have thus dwelt on the past of the river, as it helps to 
explain the arrangements of the Berlin General Act regarding the 
Niger. The articles bearing on free trade and free navigation 
are mostly identical. As Great Britain, however, has organised a 
riverain administration and assumed a protectorate, and France pro- 
poses to do the same as relates to the Upper Niger, no inter- 
national commission has been appointed to watch over the general 
rights of commerce as on the Congo. Only a pledge has been 
taken (articles 30, 31, 32) from Great Britain, France, and any 
other protecting or sovereign Powers on the Niger, that they will 
regard and carry on the principles of free trade and navigation, 
that they will facilitate, so far as possible, the circulation of mer- 
chant ships, and that they will protect foreigners as their own 
subjects. 

There is another difference as regards the Niger articles to be 
noticed. While the rules as to duties are in general similar, as, for 
instance, that they ai*e not to be differential, and that no transit duties 
are to be charged, there seems to be no prohibition, as in the case of 
the Congo, of import duties. All that is specified is that they only 
be an equivalent for the services rendered to navigation itself. 
This may arise from the fact of existing usage on the Niger, not so 
readily changed, as in regard to a new field of trade. We do not 
know how far this admission may admit of a duty of intoxicants. 
As the nations on the Niger are mainly Mohammedans, some such 
duty might support so far existing institutions, while proving of 
immense moi*al benefit. The Church Missionary Society, largely 
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interested in the Niger field, has strongly memorialized the Govern- 
ment on the disastrous consequences of free trade in alcoholic 
liquors. The traffic is already immense on the Niger, and rapidly 
increasing. The proposal to exclude it altogether on the Binue, 
made at the Conference by Great Britain, did not meet with its 
assent As regards some foreign nations, it is a large part of their 
trade, and they decline to lose it. Moral considerations will, we 
trust, however, bind them to aid in its regulation ; and an import 
duty might help in this direction The memorialists trust " that 
the British nation shall be left free and unfettered in its action in 
this traffic question, and in taking the necessary steps for institut- 
ing at once, and for maintaining an adequate control over the 
liquor traffic of the Niger." 

The Binue branch of the Niger is likely to be soon a large field 
for colonial expansion. There is an unobstructed water-way of 
some 700 to 800 nriles towards Lake Tsad, through the rich Fulah 
kingdom of Adamawa. Germany may probably aim here at some 
protectorate over territories which may yet, south of the Binue, 
join on to her Cameroons settlement. A German company has 
been established, with a capital, it is said, of £500,000, under the 
direction of Messrs. Jantzen & Thormahlen, an influential German 
West African house, to trade between the Binue and the coast. 
Herr Flegel is to act as pioneer. Herr Krause, the learned Sudan 
scholar, is associated with him ; and it will be aided by Herr 
Riebeck, the philanthropic and wealthy supporter of African 
exploration. 

The Red Sea Settlements and the Eastern Sudan. 

Our notice here will be brief. The Red Sea settlements are yet 
in an incipient state, and must be viewed as insignificant; but 
the future has great possibilities. Remarkable as have been else- 
where colonial changes and annexations in Africa during the last 
year, those on the Red Sea may be even more rapid. Planted 
along the great line of Eastern commerce, their importance in the 
future may be very considerable. 

Obokh is a French settlement outside the Straits of Bab el 
Mandeb, on the African coeist, in the Gulf of Tajura. It was 
purchased by the French in 1862 as a convenient locality for 
establishing a commercial port, a coaling station, and a strategical 
point for French vessels passing through the Red Sea. It is 6 
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miles from Has el Bir, at the head of the gulf ; 58 miles from 
Perim, and 115 miles from Aden. The harbour is tolerably 
sheltered as regards the north and the west, but is exposed to the 
south and south-east, from which the winds blow fiercely at times, 
rendering the anchorage dangerous. In 1882 a concession was 
obtained of the port and roadstead of Sagallo, near the head of 
the Bay, 11 miles beyond the town-of Tajura, and 37 miles from 
Obokh. This place is convenient, as the caravans from Shoa pass 
by it on their way to Tajura, the chief place of export. It is stated 
that since the Egyptians lately evacuated their forts the French flag 
has been hoisted both at Tajura and Sagallo. A road has been 
opened up by M. Soleillet from this port to Shoa, and important 
concessions have been obtained. One of these is, to be allowed to 
hold an extensive tract of arable land in Shoa. According to 
latest accounts, the French acquisitions here extend to 62 miles 
of coast, and an area of territory of about 1,470 square miles. 
A depot of coals was formed at Obokh in April, 1884, and a 
regular packet service has been established to the Persian Gulf. 
The chief disadvantages of the settlement are its port, and its 
distance, 50 or 60 miles, from the route of vessels bound by the 
Red Sea to India and the East.* 

Assab, the Italian settlement on the African coast of the Red Sea, 
is situated in N. lat., 13' — 45 miles from Perim — with a coastline 
of some 40 miles formerly, but which has been, doubtless, increased 
by the late aimexation of Bailul. In 1869 it was purchased by 
the well-known steam-packet company of Messrs. Rubattino. It 
is a port lying within 7 hours of Mokha, and 15 hours of Hodeida 
on the Arabian coast, and is thus in a central position for the 
export trade of Abyssinia and Shoa. It has the advantage over 
Obokh of being in the direct line of Eastern trade. In 1882 
it was bought by the Italian Government, with all rights of 
possession and sovereignty, and formally annexed.! There 
are 5 villages in the settlement, \nth a population of 1,303, 
chiefly Danakils. The area occupied was some 244 square miles, 
and this has probably been recently enlarged. The chief value of 
Assab is in connection with the development of inland trade. 

* For much informatiou regarding these Red Sea settlements we are 
indebted to an excellent paper on *' The Coasts of the Red Sea," by Sir 
Rawson W. Rawson. Proceedings of the R. O. Society, February, 1885. 

t The question of sovereignty, both ixs to 0}x>kh and Assab, may be 
raised by the Egyptian and Turkish governments. 
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Various attempts have beeu made to introduce this, tho most 
successful under the direction of Count AntonelU, who has made 
three times, successfully, the expedition to Shoa, has estab- 
lished friendly relations with King Menelik, and obtained tho 
penniseion to found the settlement of Let Marefia, with its small 
surrounding territory, near Ankober. This is chiefly intended for 
gec^raphical and scientific purposes. Signer Bianchi, the lamented 
explorer, had obtained the permission also of the King of Godjam 
to found a commercial colony, to be called Adal-Uml)erto. Unfor- 
tunately, in his late expedition, Signor Bianchi, with his companions, 
was assassinated in the Danakil country. The trade of Assab is still 
limited, the number of vessels arriving in 1882, an Italian corres- 
pondent informs us, was 430; in 1883, 538. There is the prospect 
of increase. The proximity of Obokh, it is to be feared, may bo 
prejudicial, both as regards the profits of ti'ade and in dealings 
with the native tribes. 

The recent occupation by Italy of Massaua is not to )>e regarded 
as an annexation. The position she holds there is analogous to 
our own at Suakin. Tho Italian flag has been hoisted, only along- 
side of the Egyptian. At the same time it camiot but be viewed, 
especially in connection with the recent expression of feeling in 
the Italian Parliamentary Chambers, as indicating Italian aspira- 
tions to have their share in the settlement of African questions, and 
in the enterprise of African colonization. Her historical associations 
with the Eastern trade of the Middle Ages, the large number of 
her colonists now settled in North Africa, Algeria, Tunis, Tripoli, 
Egypt ; their facility in getting acclimatised in these hot regions 
as few other European races can ; her own political position in 
the Mediterranean ; the brilliant achievements of a number of her 
recent African explorers ; and the natural desire to expand her 
trade, all evidently inspii-e her with tho decision to hold her own 
position on the East African coasts. 

These aspirations of Italy may yet contribute their aid to the 
solution of this perplexing Eastern Sudan question. It is plain 
that Italy will heartily aid in this. Why cannot the Upj>er Nile 
be included in arrangements such as those so wisely and happily 
initiated on the Congo and the Niger ? The Articles agreed to aw 
to these rivers, and as to their entire openness freely to all nations, 
whether having territorial rights or not, if applied to the Upper 
Nile, would diminish that feeling of jealous rivalry so apt inter- 
nationally to cause collisions. The protecting Powers on the river 
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would, in such circumstances, also naturally aim rather il' 
mercial expansion, and, let us hope also, at the extinctum'4 
slave trade, than at any territorial aggrandisement 

Were Italy allied to Great Britain in the enterprise^ 
Congo, France, Portugal, and the International Associatioa. 
protecting Powers, any such feeling of rivalry might be 
diminished. Austria, too, has its interests in the U] 
where many of her missionaries have laboured, suffered^ 
Her Consul, also, but lately perished at Khartum. She ii 
to send out an expedition, it is said, under the patronage 
Imperial Prince and the King of the Belgians, and 
Dr. Oscar Lenz, to explore the waters betwixt the Nile 
Congo, and to seek for traces of those eminent expl< 
civilisers, cut off at present from the world — £min Bey, 
Cassati, and Lupton Bey. Why might not we follow the 
division of the Congo — Austria taking under her pi 
upper reaches of the Nile ; Italy and England guarding 
turn, Sennaar, Berber, and the Middle Nile; leaving to 
all the lower temtories up to Dongola. 

There can be no doubt as to the great resources of the 
Sudan. Sir Samuel Baker has described it as the granaiy 
world, and Khartum as destined to be one of the richest of 
Lord Dufferin has said that the Sudan is capable of 
inexhaustible supplies of sugar and cotton. There are vast 
in it where cotton of a quality equal to that of the United 
it is said, can be produced. There is great mineral wealth. 
Khai*tum there are vast teak forests of great value. The 
tious in the equatorial regions, by the testimony of Sch^ 
and others, are fine races, and millions have been ruled by 
Bey and others in peace. At present, indeed, there has 
explosion of fanaticism on the Middle Nile, imder the MakcG^'i 
the British Government is pledged now to resist his aggressioiu^ 
to place restraints on his power; and, if once this were aooomplU 
there is every i-eason to believe that his rule will collapse. Xl| 
is to be added that there are some 15,000 Christians and iOyj 
Egyptians in the Sudan, who merit protection. And there is I 
the suppression of the slave trade. If the forces of civiliiil 
can reach the sources of the Congo and the Nile, a heavy and I 
blow, we may trust, will be struck at its existence. General C 
don contemplated, almost as bis final thought, to reach these rogii 
and to accomplish his mission there, as regards that slave Is 




rm lUc/lkt Camwrrrcia/ B 
■r KgyfliitM Ttrrilari. 






Rev. J. E. Carlyle on African Colonies and Colonization. 171 

system, which, as governor of the Sudan, he formerly so signally 
crushed. 

It has been said that General Gordon regarded these vast 
temtories of the Sudan as useless possessions. Mr. Stanley has 
very well answered this ; shewing that it related to the Sudan as 
it formerly was, utterly stagnant, shut out from civilisation. The 
railway from Berber to the Nile will effect a vast change in this 
respect. It may be said to stand in the same relation to the 
development of the Sudan as Mr. Stanley's road or railroad to the 
Upper Ck>ngo. Without this access the inner regions must remain 
in their barbarism, and commerce can find little entrance. With 
it, industry, trade, civilisation, will rapidly win their way. The 
broad-gauge railway, in this aspect, has its value. It indicates 
permanence of possession; it is a pledge to the Sudanese that 
civilisation has laid its firm grasp on this great river; it is the 
noblest monument, in this respect, that the British nation can rear 
to General Gordon, for with a British fleet, or those of other 
civilized powers, within 12-hours' reach of the Upper Nile, the 
slave trade and slavery must approach their final doom. 
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Mr. JAMES NAPIER. 



[Kcad Ixjfore the Society, Slat January, 1885.] 



The late Mr. James Napier, who became a Member of this 
Society in the year 1849, and was long prominently identified 
with industrial chemistry, and with various other manufacturing 
arts, more especially that of electro-metallurgy, was bom in 1810 
in the suburban village of Partick. He was the son of a hand-loom 
weaver in humble circumstances, and his mother was a sempstress. 
When he was about seven or eight years of age he was sent to a 
small day-school at the west end of the village, which was kept by 
a Mr. Neil, a medical student; and in eleven months he picked up 
as much learning as enabled him to read the Bible with comparative 
fluency. Owing to the straitened circumstances of his parents at 
home he was taken from school and sent to work. His first 
occupation was that of a **tearer" in a calico-printing works, his 
wage being Is. 3d. per week; and in the course of a few months 
he got more lucrative employment as a weaver's "draw-boy," 
making by the change an advance of 3d. per week on his rate of 
wages. When he was between twelve and thirteen years of age 
he was put to his father's trade. Being desirous to get more 
schooling, to learn writing and arithmetic, the young weaver 
apprentice set to work to earn some money of his own for this end; 
and by efforts of various kinds he earned as much as enabled him 
to attend a night-scliool for two winters, the result being a fair 
proficiency in these two branches of education. 

Owing to a dullness in the weaving trade, young Napier betook 
himself to that of a dyer, finding permanent employment in the 
dyeworks at Meadowside, Partick, belonging to Messrs. Gilchrist 
Here he soon made himself so useful that his wage was raised from 
3s. to 5s. per week, and shortly afterwards, by surmounting some 
dilHculty in dyeing black silk, he got a further advance, and was 
placed amongst the piece-dyers. When he had been about two 
years in Messrs. Gilchrist's employment, the foreman piece-dyer 
left, and our late fellow-member was promoted to the vacant place, 
at the age of eighteen years, his wages being then lis. per week. 
He got married when he was twentyK)ne years of age, his income 
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then being 13s. per week. For a time prior to his marriage he had 
&llen away from his endeavours after mental improvement, but he 
now turned his natural social proclivities into home meetings with 
friends of kindred desires, and at those meetings subjects of mutual 
interest were talked over and discussed, and he returned to his 
reading and self-education. 

About the year 1833 the dyeing trade got into a very unsatis- 
factory condition; short employment, low wages, and irregular 
hours created dissatisfaction among the men, and a strong desii*e 
took possession of them to form a trade union, in which they 
believed they would iind a solution of their difficulties. Mr. 
Napier had steady employment at the time, getting 15s. per 
week ; but for 'the benefit of his fellow-workmen he was persuaded 
to join the imion, and was made the secretary of the same. On 
hearing of this, and dreading a strike, Messrs. Gilchrist tried to 
bribe him by an offer of 20s., and then 22s. per week, if he would 
throw up his connection with the union and promise loyal 
adherence to them. He refused to do so, his argument being 
that if he was worth the extra wage, he ought to have it, and he 
declined to sell his right to independent judgment for the advance 
offered. He was therefore dismissed by his employers, after 
being in their service for seven years. Being a thoroughly skilled 
workman, he did not long remain out of a situation, as he was 
very soon engaged to start dyeing operations at the Glasgow Field 
Bleachworks at the Townhead. He remained in this situation 
for four years, during which time he kept up his reading and 
drew new friends aroiind him by starting a social mutual instruc- 
tion society. 

Falling into a wea^y state of health, Napier was strongly 
enjoined by his medical adviser to leave the dyeing trade. He 
did so, and for the greater part of a year he devoted himself 
to the duties of a lending library, in which, however, he was 
imsuccessfid, and the books which he had acquired had to be 
parted with at a loss. He subsequently went back to Messrs. 
Gilchrist, at a small wage, as clerk and general manager, and he 
remained with them keeping the books and cash, testing dye- 
stofis, despatching goods, &c., for a year. Prior to this Mr 
Napier had written an essay of great excellence on " Dyeing," for 
a mutual improvement society, and through it he was brought 
under the favourable notice of the late Mr. John Joseph Griffin, 
who then had a publishing business in Glasgow, and with which 
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he was combining that of a dealer in chemicals, and chemical and 
philosophical apparatus — a business which subsequently grew to 
large proportions in London. Mr. Napier was taken into employ- 
ment by Messrs. Griffin & Co. to prepare and bottle chemical 
reagents, make up apparatus, and otherwise make himself useful 
in the warehouse. For six months or so he was occupied in this 
very congenial employment, but owing to some hitch in getting 
apparatus from the Continent, that special department of the 
business slackened, and Messrs. Griffin & Co. were compelled to 
dispense with the services of Mr. Napier. It was then that he 
i*etumed, as already mentioned, to Messrs. Gilchrist's dyeworka 
When Messrs. Griffin & Co. had got matters arranged, they adver- 
tised for an assistant, such as they formerly had. Mr. Napier 
applied for the post and was again engaged, much to the dis- 
appointment of the Gilchrists, who now made the discovery that 
his services to them were worth double the amount that they had 
been paying him ; but he could not be induced to remain, even at 
double the wages he was receiving. 

Mr. Napier had a great desire to become a chemist, and his 
occupation in Messrs. Griffin's warehouse offered great advantages 
in this way. In some autobiographical notes which Mr. Napier 
has left he says: — "My position brought me into contact with 
all sorts of inquirers ; people in different trades came, not only to 
buy apparatus, but to question about difficultiea I had access 
to all kinds of chemistry books, and gave willing search to help 
them, thus gaining a general knowledge of different trades ; but I 
wanted system, and to improve myself in this respect, I invited 
the members of our mutual instruction society to my house, and 
went through a course of chemistry, following Graham's work. 
By this means, and nightly study, I obtained a pretty good 
knowledge of the principles of the science.'' Eleven working-men 
attended the course of instruction, and seven took afterwards to 
scientific occupations, and two became doctors. It was doubtless 
while he was in Messrs. Griffin's employment that he became 
acquainted with the late Dr. James Young, F.RS., of Kelly, who 
was at that time laboratory assistant to the late Professor Graham, 
who became eventually Master of the Mint. That early acquaint- 
ance led to a life-long and most friendly intimacy. 

In the year 1839 a great amount of interest was excited in regard 
to certain discoveries that had just been made in connection with the 
new art of electro-typing, or electro-metallurgy, more especially by 
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those of Mr. Thomas Spencer. Mr. J. J. Griffin became quite 
fall of the subject) and Mr. Napier was set to repeat many of the 
experiments that were being spoken of, and to carry out some of 
his employer's ideas for applying the art of electro-typing to useful 
purposes, such as copying woodcuts, and engraving plates, kc. 
Bailie Alston was then maturing his plans for printing for the 
blind, and by way of assisting in working out these plans, Mr. 
Napier had letters struck in sheet lead, which he electro-typed, 
thus forming a plate which, when backed up, served to print 
raised letters. After spending three or four of the most instruc- 
tive years of his life in Messrs. Griffin's employment, and becoming 
a great adept in the new art, Mr. Napier was engaged, in the year 
1842y to take a leading position, under Mr. Pellatt, in the London 
Electro-Plating Works of Messrs. Elkington k Mason. Under 
his guidance innumerable electro-type processes were repeated as 
soon as particulars regarding them were published, and original 
experiments were made in a variety of forms, and frequently on 
an extensive scale, with the view to the removal of difficulties, or 
to find the means of accomplishing desirable ends ; in fact, Mr. 
Napier eventually became one of the most experienced manipu- 
lators in the new art In a short time from entering the services 
of Messrs. Elkington <fe Mason he obtained full charge of both the 
plating and gilding establishments. There were no guide books 
or manuals to consult ; eveiy fresh step that was taken was made 
in unknown ground, and the novelty and freshness attaching to 
the work gave Mr. Napier the very keenest possible interest in it. 
Many persons came to inquire if the new art could be applied in 
any way to their paiticular industrial processes. One such person 
came from the Parys Mines in Anglesea, the water pumped from 
which contained large quantities of copper in solution. Mr. 
Ni^er visited the mines in question, and while there he saw 
oopper-smelting for the first time. The idea of applying electricity 
to the extraction of the copper while the cupreous oi*es were in a 
state of fusion occurred to him, and on his return to London he 
proceeded to experiment in that direction, with what apjieared to 
be successful results. 

Mr. Benjamin Smith, who was the head and front of Elkington's 
firm in London, on hearing of the results obtained by Mr. Napier, 
got him to patent the process forthwith; and he was sent first to 
Swansea, the headquarters of the copper-smelting industry, and 
then to Holywell in Flintshire, to try the process on the large 
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scale. He then discovered that the process would not work, and 
the success obtained on the small scale was accounted for by the 
action of the iron pole used in the operation — electricity having 
nothing whatever to do with the result. While experimenting, 
however, he had used a little soda-ash, so as to cause the ores to 
fuse readily; and he observed that the soda combined with, or 
was acted on by, the sulphur of the ores, forming sulphide of 
sodium, wliich, upon being exposed to the air, became disint^rated 
like lime during the operation of slaking; and he further observed 
that when the disintegrated mass was thrown into water, the 
sodium sulphide dissolved, forming a strong ley, while the insoluble 
matter was left in the condition of fine powder. He at once 
]ierceived in these phenomena a mode of superseding the process 
of granulation which was then practised. Having informed Mr. 
Smith of his new discovery, he applied for another patent, and 
after spending some months in further experiments he made 
an^angements for proceeding to Swansea to carry out the process 
on a practical scale. Referring to this matter he says: — "Our 
firet trial was with a matt or regulus — material at a certain stage 
of the smelting operations; and the result was successful. It was 
then said to be no saving either in time or expense, and we would 
need to begin at an earlier stage, with what was termed 'coarse 
metal.' I well remember the first charge that was melted after 
the now treatment. The funiace was tapped after eleven o'clock 
on a Saturday night, a crowd of workmen standing round ; and as 
the fused metal began to flow, a cry rose from the men that it 
was all copper!" The struggle against prejudice and other 
interests had now to be faced. The manager declared the copper 
to be useless, and that it would not refine. Orders were given to 
try a refining charge. Regulus from the worst ores was taken, 
and instructions were given in Welsh to withhold adding lead, 
which was usually introduced into the furnace when refining for 
" tough cake " copper. The charge was very slow in coming to the 
proper " pitch." Some was ladled out for rolling, and some for 
hammering; and the manager, trusting in the absence of lead, 
said it would neither roll nor hammer. Of course, the wish was 
father to the thought. A cake was taken to the mill and rolled 
out in one heat from eighteen inches to a sheet fourteen feet in 
length, with a wire edge; and a bowl nineteen inches in diameter 
and two feet deep was hammered from a casting without a crack 
or flaw. The men stared, and the mill-man said it was a miracle ! 
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Mr. Napier asked the manager what he had to say now, and the 
answer was iheU it toaidd take gold to make it do. He continued 
at the works until sixty or seyenty tons of the same sort of material 
had been turned out and sent to the market with the brand N.P. 
which may be supposed to have meant ^' New Process/' or possibly 
'' Napier's Patent." It was only at this stage that he perceived 
some of the advantages of the system. The poor ores contained 
antimony, arsenic, &c, which injured the quality of the copper; 
but by the soda treatment of the regulus, followed by digestion in 
water, those impurities were dissolved out in the strong alkaline 
solution, and a ^' fine copper '' was obtained at once from impure 
ores. 

Having, on certain terms, made over the sole right to work his 
patented process to his employer, Mr. Smith, who could not come to 
a 8atisfiu;tory arrangement with the Swansea Company, Mr. Napier 
was ordered back to London, whereon a rumour was originated 
and circulated to the effect that the process was a failura The 
inventor and patentee was next sent to a copper works at Neath, 
near Swansea, with instructions to make a 20-ton sample lot; but 
in this case the operations resulted in a complete failure. He was 
told, in confidencej by an agent there, that he could never hope to 
woric out his process, for the men had an idea that they would be 
mined if he succeeded, and had held meetings and arranged to 
finstrate the trials. It is exceedingly probable that the master 
smelters, who were also against the process, were the real stumbling 
block that Mr. Napier had to encounter. One of the worst features 
of the trades-imionism of former days has, here and there, influ- 
enced the conduct of wealthy manufacturers and other employers 
of labour who have desired to retain industrial or trade monoplies 
in their own hands; and the South Wales copper-smelters have 
not been entirely free from this spirit ; nay, the very opposite is the 
ease. In Mr. Napier's copper-smelting days they had an agreement 
amongst themselves so to regulate the production of copper that 
they should be able to control the market price of the commodity; 
and they dreaded the possibility of other persons coming into 
oompetition with them by the aid of a cheaper process. There 
was, at the same time, a small copper works having 13 furnaces, 
near Swansea, to let, and the agent advised Mr. Napier to get his 
employer to secure it and start operations with a staff of his own. 
This advice was followed, and, after a further preliminary trial, to 
prove the process, at a small works of three furnaces at Bow 
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Common, London, a private company was formed to secure the 
Spitty Works at Swansea, in which operations were commenced in 
November, 1847, with the result that at the end of the first year 
the company's books showed a balance of profit amounting to 
£19,500, or upwards of 55 per cent When all deductions were 
made that had been agreed upon, the share falling to Mr. Napier 
was £900, and he considered himself a rich man. Meanwhile 
his employer, Mr. Smith, continued to work the small establish- 
ment at Bow Common on his own account, the raw material which 
he used being the rich oi*es coming from Australia. Finding 
a ready market for the copper, he extended the works to a 
production of nearly 50 tons per week. The company holding the 
Spitty Works joined the copper-smelters' monoply, whereby their 
make was i*egiilated ; and the practice of the monopolists m as to 
allow one representative firm to secure any large contracts that were 
in the market, the same being afterwards apportioned among the 
various works, according to their respective producing capacities. 
About the time of which we speak, a Grovemment contract was 
secured by the smelters, and a 20-ton portion of it fell to the 
Spitty Company. The copper was most carefully refined, as it 
was hoped that the brand ** would make its mark " with the 
Government ofiicials ; but scarcely had it reached Woolwich when 
a letter was received from the contractor stating that some of the 
copper had got mixed with another lot which it had spoiled. The 
Arsenal authorities consequently returned what remained of it, 
and along with it sent a bill of expenses. On being analysed, 
however, the copper that was returned was found to be pure, and 
it was sold elsewhere as *' best select " without any complaint ; but 
notwithstanding such a very patent and striking fact as that just 
mentioned, the damaging rumour was spread abroad that the 
" N.P.^' copper had been condemned at the Arsenal. Shortly after- 
wards a Government contract was secured by Mr. Smith, of the Bow 
Common Works, and that gentleman proceeded to Woolwich along 
with the first consignment of the metal, fearing its rejection. The 
manager of the Araenal told him that they had never had any of 
same brand before, except a lot of 20 tons, which, by mistake, had 
been brought in a barge to the wharf, and which they were asked 
to return. A few months after the completion of Mr. Smith's 
contract, offers were again asked for the supply of a large quantity, 
and the copper was specified to be the " N.P." brand. The trades- 
union monopolists at Swansea appealed against the stipulation, 
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saying that they refused to be tied to a given process. Colonel 
Dundas, who was then in charge of the Arsenal, replied that it was 
not the process, but the quality of metal, that was specified. The 
Swansea smelters did not offer, and Mr. Smith again secured the 
contract^ which he was bound under a penalty to complete in a 
certain time. Meanwhile, the monopolists had been *' playing their 
cards " skilfully. They had laid a trap for their competitor who 
worked the Napier process. Before he had bought in the necessary 
raw material they had raised the price of the rich ores on which 
he worked so high that he had to carry through his contract at an 
immense loss; and he died shortly afterwards, leaving his affairs 
in a state of bankruptcy. Mr. Napier's patents had been consigned 
in full to Mr. Smith, and with his death and failure all anticipated 
profits vanished. His old friend, Mr. Elkington, offered him a 
good situation, but the Spitty Copper Company, whose afiairs were 
involved with Smith's, persuaded him to remain till matters'could be 
squared up. In less than a year, however, a joint-stock company 
was formed to take over the Spitty Works, and by a private 
arrangement made with Mr. Napier he was awarded a compara- 
tively small sum for his slender claim on the patents. We have 
been somewhat particular regarding our deceased fellow-member's 
connection with copper-smelting, in the belief that his claims to be 
regarded as an inventor in that industrial art have not hitherto 
been laid before the public. If he had been possessed of the guile 
which, for many years, has more or less continuously influenced 
the tactics of the Swansea copper-smelting monopolists, and had 
had a sufficiently good backing in the shape of capital, he would 
doubtless have become immensely wealthy. 

Before leaving the subject of copper-smelting, we ought to 
remark that we learn from the autobiographical notes left by Mr. 
Napier that he proposed, so far back as the year 1844, a process 
for separating silver from its ores which, in its essence, is the 
same as the now famous '^ wet process " which the late Mr. William 
Henderson of this city devised for extracting copper from poor 
ore& Mr. Napier spoke of it as a process for calcining silver ores 
with common salt, converting the silver into chloride. The cal- 
cined mass was to be shaken in barrels along with water, scrap- 
iron, and mercury, when the chlorine would combine with the iron 
to form chloride of iron (a soluble compound), the silver being 
liberated and becoming amalgamated with the mercury. He also, 
at a later period of his career as an inventor, patented a process 
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for separating the tin, antimony, arsenic, <fec., contained in poor 
Cornish ores. 

At this point we may retrace our steps a little, and go back to 
the year 1842, when there was commenced in this city the 
Glasgow Practical Mechanics^ and Engineers^ Magazine, the editor 
of which resolved to publish a series of papers on difierent trades, 
written by practical men, and from a workman's standpoint 
Mr. Napier was asked to furnish a few papers on dyeing, which 
appeared in the years 1843 and 1844. Two years afterwards an 
American publisher issued the entire series with a little addi- 
tion on calico-printing, the whole forming a goodly-sized volume, 
entitled, **A Practical Treatise on Dyeing and Calico-Printing,* 
but neither the name of the author nor the source from which 
the papers on dyeing were taken was mentioned. Mr. Napier, 
nevertheless, felt proud that his efforts had been appreciated. 

In the year 1852 he revised and extended his magazine papers, 
and they were issued by Messrs. Griffin & Co. — under the title of 
" A Manual of the Art of Dyeing." A third edition of it was 
published in the year 1875, in which there was embodied a treatise 
on dyeing receipts, the first edition of which was published in 
• 1855. The "Manual" just named is certainly one of the most 
authoritative works on dyeing in the English language, no mean 
portion of its merit being due to the accuracy and fulness with 
which the author has stated and illustrated the scientific prin- 
ciples on which the dyer's art is based. We would here also note 
the fact that, in consequence of Mr. Napier having become one of 
the most experienced manipulators in the new art of eleotaro- 
typing, he was requested by Messrs. Griffin ii Co. to prepare for 
them "A Manual on Electro-Metallurgy; including the Appli- 
cations of the Art to Manufacturing Processes." He acceded to 
their request, and the treatise appeared as one of their " Scientific 
Manuals " in the year 1857. It soon became such a standard 
authority on the matters with which it dealt that a fourth edition 
was called for in 1860. 

Mr. Napier returned to Glasgow at the end of 1849, and to his 
native place, Partick, in 1852. Much of his literary work was done 
after retuniing to the north, and he indulged in it partly with the 
view of keeping himself from rusting, and from brooding over 
the disappointment which he met with at not getting his oopper- 
smelting process more completely introduced into practice, and 
obtaining the reward to which he was justly entitled for his 
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invention. On again settling down in Partick, which had now 
become a large and populona suburb, he interested himself much 
in its sanitary condition, analysing its potable waters, and insti- 
gating the moTement which ultimately led to Partick being made 
a Police Burgh for its own local government. He was made a 
Police Commissioner, and subsequently a Burgh Bailie, and in 
these capacities he rendered active and useful service for many 
years. During all this time he never failed to carry on his 
laboratory work, employing himself as an investigating or 
ooDSolting chemist, or in teaching and making private research. 
It was daring this period that many of his minor papers were 
prepared. Having spent some nine years or so in this varied 
maimer, he was asked in the year 1860 to visit and inspect a 
copper mine on the estate of the Marquis of Breadalbane, at 
Killin, on the south side of Loch Tay, and which had been 
worked for a number of years without yielding any profitable 
retom. He visited the mine, and after making a careful in- 
spection of the same, he analysed samples of what were said to 
indicate an average quality of the ore, and the yield was 12 per 
cent, of copper and 50 ounces of silver ][>er ton of ore. In his 
report on the subject to Lord Breadalbane he suggested the 
erection of vitriol chambers so as to utilise the sulphur of the ore 
in making sulphuric acid, which should then be employed to make 
artificial manures for the farmers in the district, the calcined ore 
to be fumaced and made into a regulus, which could be disposed 
of to the Swansea copper-smelters, as coal was too dear to allow 
of full smelting operations being carried out at Killin. His sug- 
gestions were approved of, and he was asked to carry out his 
plans; but in a short time after he had got to practical work 
he found that the ore supplied to him was not of the quality 
stipulated as regards the quantity of sulphur present in it. 
Instead of being delivered to him containing not less than 20 
per cent of sulphur, it by-and-by came with no more than 8 per 
cent, of that element, which was quite useless for his purpose. In 
about seven months from the time of starting the operations came 
to a standstill for want of suitable ore. During this time vitriol 
and manures were made and sold, and copper regulus was sent to 
Swansea which brought £12 per ton; and Lord Breadalbane's 
factor acknowledged that this was the only return the mine had 
ever yielded. His Lordship naturally felt aggrieved at the money 
qpent on the undertaking which had so soon to be brought to a 
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close. He had some high words with Mr. Napier, who vindicated 
his position, abundantly showing that it was not his department, 
bat the mine, that had failed. Explanations were afterwards forth- 
coming which showed that Lord Breadalbane had been grievously 
misled as to the resources of the mine. 

At the end of 1861 Mr. Napier returned to Glasgow, and 
commenced business as a consulting chemist in Miller Street, 
where he continued till 1864, when he was enabled to erect a small 
vitriol works at Vinegar Hill, Camlachie. Business prospered 
with him, and the operations connected with that undertaking 
occupied most of his time and attention for the next six or seven 
years. Being then greatly relieved of the active management of 
the works by his eldest son, he returned to his literary hobbies. 
One of the books which he wrote at this time was his " Notes and 
Reminiscences of Partick" (1873). Amongst the other works 
which he wrote we should especially mention his "Ancient 
Workers in Metals " (now out of print), and his " Manufacturing 
Arts in Ancient Times'' (1879). In the year 1875 he finally 
retired from business, and he spent much of his time in writing a 
book on the " Old Ballad Folk-Lore'' (1879)— for he was a keen 
and enthusiastic antiquarian, as well as a man of science, and an 
active and useful worker in helping forward important manufac- 
turing industries. 

From the following list of his scientific papers it will be seen 
that Mr. Napier, very soon after settling down in London, secured 
a recognised position for himself as an author in the Cliemical 
Society^s Memoirs and in the Philosophical Magazine, The list 
also shows that after his election into the Philosophical Society of 
Glasgow he frequently contributed to the interest of the meetings 
by reading valuable communications, which were subsequently 
published in the Proceedings, The papers which he contributed 
to the Philosophical Magazine, on " Copper-smelting," excited 
much interest at the time of their appearance, and they may still 
be read and studied with profit by persons interested in that art 
At this point we may mention that Mr. Napier served on the 
Council of the Philosophical Society during the years 1856-58, 
1863-65, and 1869-71. 

Mr. Napier was a Fellow of the Royal Society of Edinburgh, a 
Fellow of the Chemical Society, and a Member of the Natural 
History and Archaeological Societies of this city, and in the 
progress of all of them he took a lively interest, and furnished 
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yarious contributions to their Transactions. He was likewise a 
zealous worker in the management of Anderson's College, and 
when the late Dr. James Young instituted the Chair of Technical 
Chemistry in Glasgow he named Mr Napier as one of the 
trustees. The loss of his wife in the year 1881 proved a sad blow 
to him, one from which he never fully recovered. For the last 
year of his life he was confined mostly to bed, and on 1st December, 
1884, he passed over to the majority, at an age considerably 
over the Scriptural three-score-years-and-ten. In dealing with his 
personal character, it will amply suffice if we say that those of 
us who had the pleasure of his acquaintance could not fail to 
entertain for him a profound measure of esteem. 

JOHN MAYER. 
J. J. COLEMAN. 
WILLIAM WALLACE. 
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IX. — On a New Musical Instrument, By Thomas Machell. 



[Read before the Society, 2l8t January, 1885. ] 



I HAVE the honour and privilege of submitting to your notice an 
invention, the outcome of experiments that have engaged my 
every leisure moment for a period of at least twenty-five years. 

The problem that I have attempted to solve has been to produce 
an instrument, compact in form, that will give forth pure, sustained, 
and sympathetic musical sounds; that when once in tune, will 
remain constantly in tune ; and that will be imder the control of 
keys and mechanism to be relied on in any climate, and under any 
conditions short of direct abuse. 

Others have attempted in various ways a solution of this pro- 
blem. Mustel of Paris, Pape, Crawford, and, quite recently, 
Fischer of Dresden, have taken out patents in this country with a 
similar object in view. 

The history of my invention is briefly as follows : — In my first 
attempt I employed forks of steel, each firmly secured at its base 
by a metal clamp, and actuated by a somewhat novel mechanism- 
The mechanism proved successful, but the tone was marred by a 
disagreeable thudding sound, nearly as powerful as the note itself. 
This failure led me to reconsider the whole matter, and what I am 
about to submit to your notice is the result. 

The sound-producers in my patent are square rods or bars of 
steel, bent to the form of tuning forks (without shanks), the forks 
being of graduated lengths for the various musical notes. A 
double sound-board is employed, similar in form to that of a hai'p, 
but placed in a vertical position, with the bridge extending hori- 
zontally from end to end of its front Each fork is connected 
with the bridge of the sound-box by a piece of spring steel of 
the kind used in actuating timepieces, such piece of steel being 
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beat to the fonn of a aemi-circle, and having one end clamped to 
the fork by means of a pair of small plates secured by screws, 
whilst the other end is held by a small plate aecui-ed to the bridg& 
The forks ai-e additionally supported by pieces of robber or met&l 
clips applied at their nodes and fixed to a rail. The ordinaty 
pianoforte key-board is used, but the hammers and otlier parts of 
the action are arranged below the keys, and have several featorea 
of novelty. Metal is extensively used, instead of the ordinary 
arrangement, which necessitates the use of wood, glue, pads, and 
cloth bushing — materials liable to derangement under climatic 
influences. For damping each fork jiieces of lead, having their 
bottoms covered with soft felt, are used, actuated by keys and 
pedal as in the pianoforte. 

The various sections of the instrument are arranged so that 
they can be removed separately with facility; and with the action 
below the keys, the upper front part of the case can be ocm- 
veniently made with an inclination, afibrdinc; a suitable support 
for music. 



The completed instrument shown to the Society as represented 
above had a comitass of 6^ octaves (68 notes), the highest note 
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(o) corresponding to the highest note of a Pianoforte. The 
external dimensions are — height, 3 ft 6 in.; width, 3 ft. 6^ in.; 
depth, 1 ft 8 in. 

Mr. Machell played a few short extracts from music by various 
composers, to give au idea of the capabilities of the instrument. 




The kbove woodcut clearly iihows, in Bcction, the alutpe anil position of a 
toA, iti oonnection with sound -board, and it« relation to key and other 
detaiU of mechaaiim. 

J, fork; B, ionnd-boudi C, spring connecting forlc A with sound-board 
B; D, metal clip, aupportiug fork A, on cushioned rail N. 

When the key E is pressed dowu, the metal link F, acting on the crank 
0, cause! the hammer H to strike the fork A ; the key E ut the same time 
liftiug tiie damper Q by means of the lever M. When the pressure on the 
key E is withdrawn, it returns by its own weight to a position of rest, 
allowing the hammer ff to be drawn back to its first position by means of 
the spring /; the damper O at the same time descending on the fork A 
arreata it* vibration, f is a horizontal metal rod which lifts the whole 
Mriea of dampers by means of a pedal (not shown in section), independent 
of the keys. The metal standard L binds together the key frame, prevents 
casting, and protects the hammers when the mechanism is withdrawn. 

The link i* takes the place of the "hopper" (one of the most important 
parts of an ordinary pianoforte action) ; it is made of elastic metal, and 
yidda sufficiently on the key being pressed down to allow the hammer to 
recoil clear ol the fork, so as not to impede its vibration. 
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T]ic following apparatus was shown in illustration of the 
paper: — 

1. The Bet of forks used in the iirst attempts, which were 

unsuccessful. 

2. Sectional model, showing mechanism used in connection with 

the above (No. 1). 

3. Sectional model, showing a fork supported by rubber. 

4. Sectional model, showing a fork supported by metal clip. 

5. Sound-board. 

6. Instrument complete, but with front of case removed, show- 

ing application of rubber. 

7. Instrument complete, showing the mode of applying metal 

clip. 



X. — Description of a iiew Rotiferon^ Male and Female, 
By William Milne, M.A., B.Sc. 



[Presented 17th January, and Read before the Society, 4th Febmaiy, 1885.] 



The following Hotiferon, having a soft integument and no cyc- 
spot in any stage of its existence, falls under the genus Hyd<Uina 
or Pleurotrocha, The nature of the jaws is not that of Ht/cUUina, 
as they are protusile to their full extent, so that it remains to be 
placed under Pleurotrocha^ though the jaws are each three toothed. 
I propose to call it Pleurotrocha Mtcstela, 

The body is fairly cyliiidiical, swelling slightly about two-thirds 
back, then gi*adually lessening till it ends in a short foot with two 
short curved toes. The posterior part consists of three or four 
segments, which can be drawn up to a certain extent The front 
is truncate, and the occipital edge is carried forward as a trans- 
parent hood well in front of the cilia, protecting a blunt process 
(feeler) seated on a large ganglionic lobe. The oral opening is a 
slit up and down dividing the front into two ciliated parts, right 
and left, and there is no pharynx, as the mastax lies close up. 

The mastax (Gg. 4) is very large, longer than broad, and may 
be said to be a depressed bag, open in front, of two musculax 
pieces enclosing a pair of triple-toothed jaws. The dorsal part is 



■^a>h,.'--'-!-'>'!-^^-'-^^ ■"■■■''^' ''--"^ 




Mr. W. Milne o?i a nexo Rotiferonj Male and Female, 189 

perforated half-way back, and is prolonged, giving a semicircular 
ontline behind the jaws ; the ventral part extends just to the end 
of the jaws. 

Just between the mastax and the mental edge is a small ganglion- 
like lobe. The esophagus leaves the mastax at the perforation on 
the dorsal side and leads to a double (^) stomach which merges 
into a narrow tube — the rectum — about the third ring, and is con- 
tinued to the anus on the dorsal surface just above the foot. 

There are two large pyriform appendages close behind the 
mastax joined by granuled stalks to the cellular investment of the 
second stomach and other two smaller ones in external connection 
with these joined to the mastax. The ovary is lengthened, 
extending more than half-way forward on the ventral side, in 
some cases even up to the mastax. 

There is a very large contractile vesicle beside the anus. The 
foot bears two large glands, and the two toes usually show small 
vesicles at their points of insertion. There are numerous longitu- 
dinal muscles to head and mastax and two from the foot. A 
water vascular canal runs up each side, but no vitratile tags could 
be seen. Size MOO'' to 1140". The breadth is about l-5th the 
length, and the toes about 1-1 2th. 

This Rotiferon is exceedingly vigorous and active in its move- 
ments. It swims by means of the frontal cilia, spurting every 
now and then by a contraction of its foot muscles which draws 
the posterior segments up into the body. There is a continual 
jerking up and down indulged in, which renders it very difficult 
to make out the structure though the integument is very trans- 
parent It is a most ferocious little being, striking out with trap- 
like jaws at anything and everything that comes in its way, and 
with pretty much immunity, too, as when danger is feared the 
head is withdrawn with the recoil of the mastax. When the jaws 
are shot out they open as they leave the oral opening and close 
with a vicious snap before the recoil ; but when irritated, so swift 
is the stroke that nothing of this can be seen, only a glimpse of 
something shooting to and fro. If the object struck be not too 
large or hard the teeth fix and the head sucks into the victim in 
the most weasel-like way imaginable, holding on even when 
whirled round and round. The infusoria su£fer mostly in this 
way, and the larger ones may be seen tearing themselves away, 
oocaaonally leaving the grip, for the most part cilia, in the Iloti- 
faron's mouth. The cilia are vigorously shaken out, the little 
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animal seems thoroughly roused and wheels round and round 
striking out in quick succession. But sometimes it gets more than 
was bargained for, as I once noticed one which had struck at a 
dead Chilodon and fixed the teeth, but the integument proving 
exceedingly tough, pull as it would the grip woidd not come, and 
somehow it did not seem to be able to open the jaws, and there it 
hung, tugging and hauling deteiminedly a long time with the 
posterior of the mastax almost clear of the oral opening. When 
it did get free there began a perfect shuttling of the jaws, not so 
much to see if they were all right, I am afraid, as in sheer anger. 

Among Gosse's elaborate figures of the different types of jaws of 
Rotifera in the Philosophical Transactiofis, the nearest to those 
of P. Mustela are the ones of Albertia Vermicularis. I think, 
however, these latter are slightly different and nearer still (fig. 3) 
than he figures them. The manubria (fig. 4, a), adopting Gosse's 
nomenclature, are joined posteriorly and by muscle as they separate 
when treated with caustic potash. The imcus (6), a curved needle- 
like rod, is joined to by muscle, and rests on a small triangular 
loop, which, again, rests on the top of the manubrium. The loop is 
attached to the latter at its inner point, and describes a small arc 
up and down, with it as a centre. When the jaws are worked 
gently the loop may not move at all, the uncus moving indepen- 
dently on the loop. The two rami (c) work on the fulcrum {d), a 
thin plate, in a plane not differing very much from that of the 
manubria. Each ramus passes up to its uncus, which is soldered 
over it. The accessory two teeth on each side are given off* by 
the rami, though from a side view (fig. 5) they might be thought 
to branch from the uncus. There seems to be a muscle connecting 
the loop joints with the common end of the rami. This muscle, 
either by the shooting forward of the central part or the pulling 
back of the loop, will tend to pull the rami aside, thus pushing open 
the jaws ; and it can be easily seen that by an extraordinary jerk 
the two central branches may be pulled back till they are in the 
same line and get locked, when these muscles will only tend to 
further harm. A case of this lockjaw I saw once (fig. 8) which, 
of course, proved fatal. The whole apparatus then is evidently 
more for seizing than crushing prey. The prey, if small, may be 
bolted at once, or if larger than the jaws can encompass, it is 
drawn in with the head, and the jaws work their way up the 
ventral side by a series of grasps, thus getting well forward and 
under when the object is tossed neatly upwards and backwards 
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into the sesophagus. When creeping through debris it picks out 
particles with a much more gentle motion. It is selective as 
regards its food, often throwing out particles that don't seem to 
please.. The oral slit seems to be capable of being kept very close 
as I was never successful in getting any of them to swallow indigo. 
They are able to pull in large objects by the great distension of 
the slit on account of the plane of the jaws being at right angles 
to it. 

The hood plays a very important part. It protects a blunt pro- 
cess springing from the large dorsal ganglion. It does not wrinkle, 
is withdrawn with the head and folds down on it, the integument 
clofdng in over all. The mere impinging of the hood causes P, 
Muitela to change its coiu-se or snap out with the teeth. The 
hood itself can have no sensibility, but communicates the vibra- 
tions to the lobe below, which is the true feeler. In grubbing 
Ekboat among obstacles the creature is saved from running its head 
ftgainst them by the hood, which also enables it to know where to 
map in quest of food. The two smaller glands joined to the 
tnaatax at the root of the sesophagus are probably gastric. The 
Eood on leaving the mastax is shot into the upper stomach (fig. 1, c2), 
which consists of a thin transparent membrane. It undergoes 
disintegration here. The Infusorium Glaucoma seems to be a 
Eavourite food, as I have seen half-a-dozen swallowed in less than 
an hour, and these six would be probably nearly half the bulk of 
the Mtutela itself. The cilia of the victims were seen flickering 
for a short time in the stomach, but not long, as the disintegration 
is very rapid, much more so than when engulphed by another 
infusorium such as Stylonychia, and must be aided by juices most 
likely from the glands mentioned above. The upper stomach, 
when empty, takes a wrinkled-up form, and at first I was inclined 
to take it as the lower end of the sesophagus ; but when full it 
assumes a more or less globular form, with a decided constriction 
below, which might be partly due, however, to the workings of a 
oellolar mass which impinges on its after part. At anyrate, the 
contents of the upper stomach are certainly digested, for of the 
dz specimens of Glaucoma I saw taken in whole not one passed 
Rirther entire, and in one-and-half hours from the time of the 
first capture there was nothing but a pulpy granular mass. The 
after-part of the stomach {^g. 2, h) is conical, but has a thick 
glandular investment, slightly overlapping the upper part, which, 
by its pressure, causes the contents to surge about. There are two 
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large pyriform glands connected by a narrow stalk to the front of 
this cellular inyestment on either side of the upper stomach. 
These stalks or tubes are full of bright granules which may also 
be seen in the glands themselves, showing an internal connectioii, 
the secretion passing into the lower stomach or intestina The 
glands themselves are generally said to be gastric, but I think 
may be called pancreatic. In the glandular mass with which they 
are connected I saw in some examples vesicles with urinary con- 
cretions among the oil and other globules, so that this mass must 
have a renal function. Leydig supposed this to be the case, but 
had only seen the concretions in the embryo and in males. The 
male of P, Mustda also has them in the abortive alimentary canal 
(fig. 7, a). 

The lowest division of the alimentary canal does not contain 
any food particles and is the rectum (fig. 2, t). 

In the ovary may be seen only one perfect egg at a time, as 
large as one-third of the body, and it is extruded before s^pimen- 
tation takes place. 

The two bulbs in the foot seem to be glands which secrete some 
clear substance by which the toes are attached, for it may fre- 
quently be seen swinging round, the toes graduaUy leaving the 
point of attachment, yet held as by an invisible thread, and some- 
times even when preparing to swim away jerked back on ii 
Occasionally also particles may be seen trailing behind the toes as 
if they had proved too light to hold the animal. 

I examined another larger species, which has these glands of 
great size, containing numerous nuclei. The toes gave a decided 
appearance of being perforated, and a tube running up (fig. 6) 
with expansions to a smaller swelling at base of the large gland. 
The two striated foot muscles came down past the glands and were 
attached at the point of insertion of the toes. There is a thin 
membranous connection between the contractile vesicle and the 
anterior ends of the glands. 

The inale (fig. 7) is much smaller than the female, and has no 
mastax or digestive apparatus. In general appearance it is like 
the female, only more elongated. It has also segments, but I have 
not seen them much drawn up. The hood seems to be more 
developed, as might be expected, seeing it has no defensive appara- 
tus. The cilia are long, and enable it to be very active. Several 
muscles were seen. There are one or more heaps of brownish 
granular matter apparently in a vesicle. Just behind this was a 
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vessel seen to contain bacterium-looking bodies, wliich kept vibrat- 
ing for a short time after death. These I took to be spermatozoa. 
The penis is on the dorsal surface just above the foot. From it 
there is the indication of a tube running up towards the vessel 
with the speiinatozoa. Size 1-180" by 1-1000". 

EXPLANATION OF PLATE. 

Fig. 1. — Pleuroirocha Mugtela, x 400. Female, dorsal view — fa) the 
hood, fhj mastax, (cj aesophagua, (d) stomach, fej ovary, (fj contractile 
vesicle. 

Fig. 2. — Female, side view — fg) the large ganglion, (h) after stomach or 
intestine, fi) rectum. 

F^. 3. — J SiWB of A Ibertia Vennicularis. 

Fig. 4. — Jaws of Pieurotroeha Musttht. 

Fig. 5. — Side view of same. 

Fig. 6. — Foot with toes and glands of a larger species of Pieurotroeha (?). 

Fig. 7.— Side view of Male of Pieurotroeha Mustela^ x 400. 

Fig. 8. —Jaws of P. J/u^c/a locked. 
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XI. — A Theory of Storm Travel By Mr. P. Alexander, M.A. 



[Read before the Society, 18th February, 1886.] 



The following are a few speculations I entered upon after reading 
two very interesting articles, entitled " Weather Forecasts," in the 
July and August numbers of Good Words two or three years ago. 

To render intelligible \vhat T have to say, I shall give a short 
resume of the leading points of these articles. 

All our storms belong to one or other of two classes of circulating 
storms, called respectively cyclones and anti-cyclones, both of which 
generally travel from west to east. 

In cyclones the wund blows spirally towards the storm centre, 
and the rotation of the storm about its centre is contrary to that 
of the hands of a clock. 

In anti cyclonos the wind blows spirally y/owi the storm centre, 
and th(j rotation of the storm about its centre is in the same 
direction as the motion of the hands of a clock. 

At the centre of a cyclone there is an ascending current, while 
at the centre of an anti-cyclone there is a descending current of 
air. 

A cyclone is more violent than an anti-cyclone, but extends 
over a smaller area. 

Cyclones travel faster than anti-cyclones. 

Cyclones are accompanied by clouds and rain, anti-cyclones by 
mists and fine weather. 

In a cyclone the barometric pressure diminishes as we approach 
its centre, while in an anti-cvclone the reverse is the case. 

My theory of storm travel is that both cyclones and anti- 
cyclones, when undisturbed by external causes^ must travel east- 
ward. 

Mv reasons for this are three: — 

To explain the first of these, let the annexed figure represent 
the earth with its axis perpendicular to the plane of the diagram, 
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and its north pole, N, pointing outwards. Let MUK represent 
the equator, and ABF a circle of latitude, on which is situated C, 
the centre of a cyclone, represented by AD BE, 




It is evident from inspection of the figure, and it can be easily 
proved mathematically, that tluj storm circle, ADBE, is divided 
by the circle of latitude, ACB, into two unequal parts, AEB, 
ADB, of which ADB is the greater. 

Now, owing to the earth's rotation on its axis, every [>oint on 
its surface except the poles is moving eastward, and this eastward 
motion is gi^eater the nearer the point is to the equator, where it 
is a maximum. And when the atmosphere is at rest relatively to 
the earth's suiface the same is tnie of it. 

Consequently, if we suppose a storm to be produced by an 
ascending current of air at C, causing an inwaixl flow of air across 
the circumference of ADBE, and if we suppose the velocity of this 
inward flow to be equal in all directions, more air will enter the 
storm circle across the southern part, ADB, than across the 
northern part, AEB. But the air which entei-s from the south is 
moving eastward faster than C, and that which enters from the 
north is moving eastward more slowly than C ; and since, as we 
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have shown, more enters from the south than from the north, the 
body of the storm will move eastward wdth greater velocity than 
the point C of the eartli's surface over which the storm centre is 
situated. 

My second reason for the eastward travel of the storm is the 
following : — 

When the outside air enters the storm circle, portions of the 
upper atmosphere will descend to help to fill the space it occupied. 
This in turn will enter the stonn circle, when more will descend, 
and thus there will be a downward current outside the storm 
circle. 

Now, since the upper parts of the atmosphere, when still, are 
moving eastward faster than the earth's surface below, the upper 
air thus entering the storm circle will increase the eastward travel 
of the storm. 

My third reason is as follows : — 

The rotation of the storm in a measure differentiates it from the 
surrounding atmosphere, and makes it move almost like a solid 
body. Now it can be proved that a solid body rotating like the 
storm would, owing to the eastward motion of the earth and its 
own rotation, tend to topple over towards the pole, N, which ten- 
dency would cause it to press more on the portion AEB of its 
base than on the portion ADB, and consequently the friction on 
the northern portion, AEB, of its base would be greater than that 
on the southern portion, ADB ; and, as a consequence of this, the 
solid body would move eastward just as a Vjarrel would if while 
standing on its end it be tilted over slightly towards the pole and 
then be made to rotate about its vertical axis in the same direction 
as the rotation of the storm. But, even if it be not admitted that 
the storm will behave as a solid in this respect, what follows must 
be admitted. 

The motion of the poi-tion AEB of the storm relatively to the 
surface of the earth in contact with it will be greater than that of 
ADB relatively to the portion of the earth's surface in contact 
with it, because in the former ciuse the storm is moving westward, 
and the earth in contact with it is moving eastward, so that their 
relative velocity is the sum of these two velocities, while in the 
latter case the relative velocity of the storm and earth will be the 
difference of their velocities, since both are moving eastward. 
Consequently, since the friction between a solid or liquid and a 
gas is proportional to their relative velocity, tliere will be more 
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friction between the storm and the earth in its northern portion 
than in its southern portion. Hence the westward motion of the 
northern half, AEB, of the storm will be more retarded than the 
eastward motion of the southern half, ADB, and these together will 
be equivalent to an eastward acceleration of the storm centre. 

The first of these thi*ee reasons would also prove that the storm 
centre should travel towards the near pole, besides moving east- 
ward, so that in the northern hemisphere the undisturbed travel 
of a cyclone should be eastward and northward. 

Up to this point we have supposed no motion of the atmosphere 
except that produced by the cyclone. But if we suppose the 
|>ortion of the atmosphere through which the cyclone is moving to 
have a general motion in some direction, the motion of the cyclone 
relatively to the earth's surface will be the resultant of its own 
l)roper motion and that of the atmosphere through which it is 
moving. 

This would explain why in inter-tropical regions cyclones travel 
westward and towards the nearer pole. The explanation is, that 
the trade- winds cause a general westward motion of the atmosphere, 
which is greater than the eastward motion of the storm centre 
through it ; hence the storm centre will travel westward relatively 
to the earth's surface with a velocity equal to the excess of the 
westwaixl velocity of the trade-wind over that of the eastward 
velocity of the storm centre, both consitleiod relatively to the^ 
earth's surface. But the equatorward velocity of the trade-wind 
is not so great as the poleward velocity of the stoi-m centre; hence 
the storm centre moves poleward over the earth's surface at a rate 
equal to the excess of its proi>er poleward velocity over the equator- 
ward velocity of the ti-ade-wind. 

After the cyclone moves poleward far enough to be beyond the 
region of the trade-wind, it moves eastward and northward, because 
it is no longer hindered by the trade- wind, but is rather helped 
by the general eastward motion of the atmosphere accxjmpanying 
the Gulf Stream. 

Let us now consider what would be the effect on the storm 
ti-avel of an obstacle such as an island if the storm is ti*avelling 
over sea, or a moimtain or mountain range if the storm is tmvelling 
over land. 

It is evident that the obstacle, if near, would wholly or partially 
hinder the flow of air into the storm circle on the side next the 
obstacle, in consequence of which the storm would be urged 
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towards the obstacle, because the flow of air into tlie stonii circle 
on the side i-emote from the obstacle would be unbalanced, and 
would give tlie storm a compouent motion towiwds Uie obstacle. 
This would explain why storms seem to be attracted by mountains, 
and why they linger in their vicinity. Besides this acceleration 
towanls the obstacle, the stoinn might receive ivom the obstacle 
an increase or diminution, or even a i-eversal of its eastward or 
northward velocity. For example, if a storm moving over sea 
approach an island, the island lying poleward from the stoim, its 
eastwaixl velocity would be increased, because, the island cutting off 
a portion of the inflow of air to the storm from the north, the 
excess of the iuflow fi-om the south over that from the north would 
l>e increased, and therefore the eastward velocitv of tmvel of the 
storui would be increased. 

The opposite effect would be produced by an obstacle lying 
cquatorward from the storm. This, if large enough and near 
enough, might perha})S «;ven cause the storm to move westw^ard, as 
the inflow of air into the storm circle wouhl then be almost wholly 
from the poleward side, which would tend to produce a westwaixl 
travel. If the storm wei-e to cro.ss a high range of mountains, 
lying north and south, its eastward velocity might be destroyed, 
and in any case would be diminished for a time ; hence, the storm's 
poleward motion being unaffected, and its eastward motion being 
destroyed or materially diminished, the direction of its travel 
would be considerably altered. 

Further, according to this theory, if a storm were to approach 
near a range of mountains lying east and west it would be urged 
towards the mountain range, and, while approaching, would have 
its eastward travel accelerated or retarded according as the range 
lay poleward or equatorward of it ; and it would keep crossing 
and recrossing the range, while its eastward velocity would be 
alternately accelerated and retarded, or perhaps revei'sed. 

Lastly, two cyclones in the neighbourhood of each other should 
appear to attract each other, because they would mutually inter- 
rupt the inflow of air into each other on their adjacent sides, and 
the inflow on their i-emote sides, being thus left unbalanced, would 
hurl the two storms together, and perhaj>s cause them to mingle 
and form one storm. 

These examples are not intended as an exhaustive discussion of 
the effects of obstacles, but merely as suggestive illustrationtf. 

1 have coniined my remarks to cyclones, but much of what I 
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have said of them would apply equally to anti-cyclones, except the 
second and third reasons for eastward travel, and the effects of 
obstacles on anti-cyclones, which would in general be the opposite 
of their effects on cyclones. 

Besides the nwving centres of maximum and minimum pressure, 
forming the centres of anti-cyclones and cyclones, there are sta- 
tionary centres of maximum and minimum pressure (see plates of 
isobarometric lines in Buchan's Meteorology and in new edition of 
Encyclopoidia Britarmica, article, Meteorology), which determine 
the directions of prevalent winds. From a centre of maximum 
pressure, the air flows out in all directions, and air flows inward 
in all directions towards a centre of minimum pressure. Of course 
these outward and inward currents are affected by the earth's rota- 
tion in the same way as the outward and inward currents of anti- 
cyclones and cyclones, and therefore do not flow directly from or 
to these centres, but along spiral courses. 

The positions of these, though for the time being stationary, vary 
gradually with the seasons, so much so in some cases that a place 
occupied by a centre of mal^imum pressure at one season is occupied 
by a centre of minimum pressure at the opposite season /)f the 
year. This is notably the case with the centres of large continenta 

In midsummer those portions of a continent most remote from 
the ocean becoming greatly heated, heat the air in contact with 
them so much that becoming lighter it ascends and produces an 
inflow of air from all directions around it. Now air always flows 
from places of greater pressure to places of less pressure, hence 
this centre must be a place of minimum pressure. 

In midwinter, on the other hand, these places become centres of 
maximum pressure, because, owing to their greater distance from 
the ocean, they lose more heat by radiation than places all round 
them, and so become places of niininiuni temperature. This gives 
rise to an out-flow and down-flow of air at these jilaces, which, 
consequently, become places of maximum pressure. 

The velocity and direction of travel of storms entering these 
stationary cuirents will be modified thereby. This may account 
for many anomalies of storm travel. 

Buchan savs ( Mffforoloyyj: ^' Ahijwt half of the storms of 
middle and nortlu'in Europe travel from 8.W. or \\\.S.W. towards 
N.E. or E.N.E. 

** Several storms Ijavr a<lvainc4 ujkmi (treat l>iitaiii iVoni ili<' 
N.W.. and still more fruni tlu* W.N.W. and W'.' 
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The cause, or part cause, of the anomalous direction of travel of 
these exceptional storms may be an iu-flow of air towaixis a centre 
of maximum pressure, which is situated over the centre of southern 
Europe in summer and autunni. 

Again, in Buchan's hand-book (see also EiicyclopcediaBritanHica, 
art., Meteorology) we find the following: — "The geneitil course 
of the storms of Hindostan is from a point a little to the west of 
the Andaman Islands, to N.N.W., or towards the mouth of the 
Ganges, after which they ascend the valley of the Ganges, or that 
of the Brahmapootra " (Hand-book of Meteorology^ § 552). 

This anomalous travel might, in midsummer and autumn, be 
accounted for by the existence of an in-flow of air towards a centre 
of minimum pressure, which, at that season, is situated (see chart 
for July, of isobarometric lines in Encycl&pivdia Brilanni4:a, art, 
Meteorology) over the I'egions of Thibet and Tartary, adjacent to 
the north of Hindostan. 

The fact that these storms die out in the valleys of the Ganges 
and Bralimapooti*a may be accounted for by the apparent attrac- 
tion (see former part of paper) of the Himalaya Mountains. 

With regard to the direction of ti-avel of the typhoons of China, 
there seem to be different opinions. Buchan says — ** The typhoons 
of the Chinese Sea have their origin in the ocean to the east of 
China, especially about Formosa, Luzon, and the islands immedi- 
ately to the south. They thence proceed from E.N.E. to W.S.W., 
rarely from E.S.E. to W.N.W., and scarcely ever from N. to S. or 
from S. to N. Thus, the course generally taken by these typhoons is 
along the Chinese coast'' (Buchan's Met. § 512). On the other hand, 
Colonel Reid (Law of Storms)^ and the author of the article 
Meteorology, in the Encyclopcedia Britannica (new edition), say 
that: — **The typhoons of eastern Asia first pursue a westerly course, 
which gradually becomes north-westerly, and, in arriving about 
lat. 30°, they re-curve, and thereafter pursue a course to the north- 
eastward" ( EncyclopfHlia Britannica, article, Meteorology). 

Again, in Nichol's Bncyclopcedia of the Physical Sciences (art. 
Winds, 3rd edition), we find: — *'The cyclones or typhoons of the 
China Sea are occasionally exceptional, since they follow in certain 
cases an opposite direction, i.e., they approach the equator instead 
of receding from it.'* 

If these be reconciled by supposing that Buchan and Nichol 
describe the Jirst jmrt of the course of a typhoon, and that Reid 
and the writer in the Bncyclopcedia Bntannica describe the tohoU 
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course, the explanation of the course of the storm will be substan- 
tially the same as I gave for those of West Indian cyclones, with 
the exception of tliat of the southerly motion of the typhoon at 
first. This miglit be explained by supposing that at fii-st the 
southerly motion of the Pacific tiude-wind is greater than the 
northerly motion of the cyclone through it, and that, therefore, 
the cyclone's course is at first from KN.E. to W.S. W., instead of 
from E.S.K to W.N.W. as in West Indian cyclones. 

Possibly the Indian cyclones are just typhoons in the second part 
of their coui*se. 

With respect to the cyclones in the Indian Ocean all writers 
seem to be agreed as to their coui-se being at fii*st from RN.E. to 
W.S.W., later from N.E. to S.W., and after crossing Mauiitius, 
Bourbon, and Madagascar becoming S. and then S.E. 

This courae in the Southern hemisphere corresponds exactly with 
that of West Indian cyclones in the Northern hemisphere, and 
may be accounted for in a similar way. 

In plate 28 of a physical atlas of the Atlantic Ocean, issued 
under tlie direction of Dr. Neumayer, of the Deutsche Seewarte, on 
which are ti-aced the courses of Atlantic storms, certain points are 
shaded to indicate that they ai*e points of maximum frequency of 
minimum pressure of storm centres. 

The following are the more important of these: — A distnct 
south-west of the lakes of the United States; the Gulf of St. 
Lawrence; a spot in Mid- Atlantic, about lat. 35° N. and long. 
52* W. ; a spot S.W. of Greenland; another S.W. of Iceland; 
another S.W. of the Lofoten Isles ; and a locality covering 
Denmark, south of Scandinavia, and Finland. 

One or two centres of secondary importance are: — a spot south 
of the British Isles; another in the vicinity of Corsica and the 
adjacent parts of Italy; and another north-east of the Adriatic. 

The author of the ai-ticle in the Encyclojxt'dia Brii<innico^ 
speaking of these centi*es, says: — "The great imjM)rtance of these 
centres, where the lowest barometers are most frequently found, 
consists in the indication they give of the precise regions, either 
where many storms originate, or where they are either retarded or 
arrested in their course." 

With regard to the latter i)art of this sj^eculation. I venture to 
remark that, if my theory is true, these centres would indicate 
places where the travel of storms is a<:celera(ed, because they ai-e, 
for the most part, places where the storm is api)roaching land, and 
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is, therefore, according to said theory, being urged towards the 
land ; the extra low pressure being caused by the in-flow from the 
land side being cut off by the interposed land. 

As regards theories of storni travel, the only ones I have seen 
are those of Maury and Fitzroy, who both suppose that storms 
travel over the courses of warm sea-currents, and that, even when 
generated at a distance from warm sea-curi-ents, they make their 
way to the channel of warm and rarified air existing above these 
ocean streams (Maury's Physical Geography of the Sea ; Haydn s 
Dictionary of Science, art. Cyclones; and Fitzroy^ s Weather Book). 

The theory of this pa})er is quite accordant with this. 

I may have been anticipated in this theory, but I have examined 
the most iin})oi'tant contributions to the literature of storms, and 
can find no trace of any speculation on the causes of storm travel 
at all like these. 

Anyone who wishes to study this subject cannot do better than 
read the two articles in Good Words I have spoken of ; an article 
on " Winds" in Nichol's Cyclopwdia of the Physical Sciences^ where 
he will find i-efei-ences to the literature of the subject ; and an 
abstract of a paper by the late Dr. John Taylor, of Glasgow, in 
the Trafisactions of the British Association for 1852. 

He will also find references to abundant literatui*e on the subject 
under the head of "Meteorology" in the Catalogue of the Library 
of this Institution. 
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XII. — Natwml and Local Precautions against Cholera. By 
James Christie, A.M., M.D., President of the Sanitary and 
Social Economy Section. 



[Abstract of Paper read before the Society, 2) at January, 1885.] 



I HAVE been led to select the subject of " National and Local Pre- 
cautions against Cholera," on the present occasion, as the question 
has excited much attention during the summer and autumn months 
of last year, owing to the alarming development and extension of 
cholera over considerable areas of France and Italy ; and, although 
the disease is now in considerable abeyance, we cannot by any 
means say that it is extinct, and that all danger is past. Possibly 
we may have a reappearance of the disease, in a more active form, 
on the Continent of Europe, during the spring and summer months. 

The question, therefore, is even now being put — la it likely that 
we may have a visitation of cholera in this pai*t of the country, or 
are we tolerably safe ? It is usually said, in reply, that the pos- 
sibility exists ; but that, should Ciises be introduced, our sanitar}' 
system is so complete, more especially in our large towns, that the 
disease would not be likely to spread to any great extent. This 
expression of opinion is founded on the fact that we have in most 
of our large towns a plentiful supply of fresh water, not exposed 
to exci-emental pollution, and distributed on the constant system; 
that our large and small towns are much cleaner than they were 
formerly ; that there is less overcrowding : and that our local 
anthoiities are fully alive to the importance of disinfection, and 
to the speedy isolation of infected patients. 

I quite agree with the general statement, that a population 
possessed of an abundant supply of pure water, not exi)osed to 
excremental pollution, is tolerably safe from a sudden and great 
invasion of cholera ; but I am nevertheless of opinion that, taking 
into considei-ation the genei-al sanitary condition of Scotland, 
town and country, urban and mral, we are certainly not in a safe 
condition. 
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In 1871, Mr. Simon, in a mcmomndum entitled "Precautions 
against the Infection of Cholera,' says: — *•' Happily for mankind, 
cholera is so little contagious, in the sense in which smallpox and 
scarlatina are commonly called contagious, that, if reasonable care 
be taken when it is present, there is scarcely any risk that the 
disease will spread to persons who nurse and otherwise closely 
attend upon the sick. But cholera has a certain peculiar infec- 
tiveness of its own, which, when local conditions assist^ can operate 
with terrible force, and at considerable distances from the sick. 
It is characteristic of cholera, not only of the disease in its de- 
veloped and alarming form, but equally of the slightest dian-hoea 
which the epidemic influence can cause, that all the matters which , 
the patient discharges from his stomach and bowels are infective ; 
and that, if they be left without disinfection after they are dis- 
charged, their infectiveness, during some days, gradually grows 
stix)nger and stronger. Probably under ordinary circumstances 
the patient has no power of infecting other persons except by 
means of these discharges ; nor any power of infecting even by 
them, except in so far as particles of them are enabled to taint the 
food, water, or air which people consume. Thus, when a case of 
cholera is imported into any place, the disease is not likely to 
spread, unless in proportion as it finds, locally open to it, certain 
facilities for spreading by indirect infection. In oixier rightly to 
appreciate what these facilities must be, the following considera- 
tions have to be borne in mind : — firsts that any choleraic dis- 
charges cast, witliout previous thorough disinfection, into any 
cesspool or di'ain, or other depository or conduit of filth, infects 
the excremental matters with which it there mingles; and pro- 
bably to some extent the effluvia which these matters evoke ; 
secoiulli/, that the infective power of cholei*aic discharges attaches 
to whatever bedding, clothing, towels and like things, have been 
imbued with them, and renders these things, if not thoroughly 
disinfected, as capable of spreading the disease in places to which 
they are sent (fo)* washing or other purposes) as, in like cii-cuu)- 
stancos, the cholera patient himself would be ; thirdly^ that if, by 
soakage or leakage from cess|)Ools or drains, or through reckless 
casting out of slops and wash-water, any taint, however small, of 
the infective* material gets access to wells or other sources of 
drinking-water, it imparts to enormous volumes of water the 
])Ower of imparting the disease. When due regard is had to these 
possibilities of indirect infection, there will be no difficulty in 
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understanding that even a single case of cholera, perhaps of the 
slightest degree, and perhaps quite unsuspected in its neighbour- 
hood, may, if local circunistatices co-operate, exevt a terribly 
infective power on considerable masses of population/' 

Mr. Simon further stated that cholera derives all its epidemic 
destructiveness from filth, and especially from excremental un- 
cleanliness, and that the local conditions of safety are, above all, 
these two: — (1) that by appropriate structural works all the 
excremental produce of the population shall be so promptly and 
so thoroughly removed that the inhabited place, in its air and soil, 
shall be absolutely without foecal impurities ; and (2) that the 
water supply of the population shall be derived from such sources, 
and conveyed in such channels, that its contamination by excre- 
ment is impossible. 

These are the conditions stated by Mr. Simon more than 
twenty years ago, to ensure immunity from cholera epidemics; 
and, in answer to the question, Are we liable to an invasion of 
cholera now] I would say yes, in so far as these conditions have 
not been fulfilled. 

In innumerable instances, more especially in our small towns, 
villages, farmhouses, and country i*esidences, we still remain in 
bUUu quo, the well being in close proximity to the manure heap, 
the ashpit, and the privy. The inhabitants of such places are 
liable to an invasion of cholera just as they were in 1832 and 
succeeding yeai^. 

In 1832, when cholera first invaded this country, the move- 
ments of the disease ^^'ere mystenous and quite unaccountable. 
The medical men were divided into two parties, the contagionists 
and the non-contagionists, and the controversy excited was of the 
most acrimonious nature, nearly equalling in bitterness that of a 
theological fight The popular instinct was, however, in the right 
direction; and the sharp-eyed radicals of Paisley had suspicions of 
some of the medical men poisoning the town wells. They were 
right as to the wells being poisoned ; but they were wrong as to 
the culprits. Probably they had some idea that a toiy conspiracy 
was at the root of the matter. 

During recent years our knowledge in regard to cholera has 
been greatly increased, and the old theories regarding its etiology 
are now practically extinct. Few people now believe in its 
diffusion over large areas by aerial currents, pandemic waves, 
obscure telluric or atmospheric conditions; and, except in Ger- 
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maiiy, there are but few etiologists who belong to what is called 
the ^* Localistic " school, represented by Professor Pettenkofer of 
Munich. He and his followers hold that the cause of the disease 
is an actual poison conveyed by human intercourse from plaoe 
to place ; and that i)ei*sons must come from an infected B]K>t into 
the new area. It is not necessary that the individual himself 
should be infected witli cholera; but he may bring attached to 
himself, in a way unknown at prest^nt, a poison which is deposited 
on the soil, gets into the soil, and under favouring circumstances 
of moistui'e and temperature becomes finally developed into * 
poison capable of producing disease in those who are susceptible 
of it. In order that the disease may be communicated to others, 
it is necessary that the disease poison should first find entrance to 
a suitable soil, be develoi)ed there, and be extruded thence by 
ground water tension. 

I shall not enter on the controversial aspect of the question ; 
but I may express my opinion, based upon a very wide generaliza- 
tion of facts, that the theories of the " Localistic " school are quite 
visionary. In modem city life the field of enquir}- is exceedingly 
intricate and obscure ; and if an investigator has a theory he is 
almost certain to find proofs in support of it. But it is otherwise 
among primitive nations whose modes of life are simple and 
almost unvarying. A few years ago, while following out one 
branch of the track of the great cholera epidemic of 1865-70, 
viz., that through Central Africa, I ascertained that the disease 
was conveyed from the Galla Borani counti-y, south of the river 
Jub, by the fighting men of the Masai tribe, who inhabit an 
immense area of country to the east of the Victoria Nyanza. At 
the time I obtained some curious details i-egarding the mode of 
life of the Masai people, and I was glad to learn fi-om Mr. Joseph 
Thomson, who recently travelletl through the Masai country, 
that these accounts were not exaggerated. The Masai are pastoral 
and nomadic, moving about whore pasture for their flocks is to be 
found. Their tents are constructed of stakes fastened at the top 
with thongs, covered with bullock hides, and plastei-ed over with 
cow dung. The community is divided into two classes — viz., the 
married men and women with their families, and the unmarried 
men and women. The young women at the age of twelve, and 
the young men at the age of fourteen, are moved out from the 
married kraal, and live in an entirely separate kraal From the 
time that they enter on this stage of life, until they get married, 
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which is usually many yeara afterwarda, their sole diet is blood, 
milk, and beef. They pai*take of no vegetable food whatever, and 
they drink no water. They are practically gonakeds, their dress 
being merely a skin over the shoulder, which they also use as a 
mat for sleeping on. During the rainy season, their sole occupa- 
tion consists in tending their flocks; and during the dry season, 
in cattle-lifting raids. Their arms consist of a spear, with a head . 
something like a shovel, and a large bullock hide shield. They 
set out on their raids at the close of the i-ainy season, and return 
before the rains set in, as otherwise their hide shields would be 
softened and rendered useless. 

In 1868 cholera swept the Masai country; but I am imable to 
state anything as to its relative prevalence among the kraals of 
the married and the immarried. It was, however, introduced 
into the country by the fighting men, who eat nothing but beef, 
and drink nothing but blood and milk. 

Now, what about the etiology of cholera among the Masai? 
They throw out their dead at some little distance from their 
kraals, and by the morning nothing is left but bones. Anything 
approaching the conveniences of modem civilization is quite 
unknown; and sewage gas does not exist. Water pollution, as a 
cause of the disease, among the fighting men at least, is out of the 
question, for they drink no water. The eating of unripe food can- 
not be regarded as a cause, for they have none to eat. It is not at 
all likely that the cause of the disease would be vitiated air drawn 
into their skin tents by the heat within, or by the pressure of the 
subsoil water below. The only possible mode of communication 
would be by inhalation, or through the medium of milk, blood, or 
beef. The field of enquiry is, therefore, very much narrowed; for 
we have no overcrowding, no imclean, unhealthy habitations, no 
prejudicial circumstances affecting one portion of the community 
more than another. In a case of cholera there would be excre- 
mental pollution within the tent, dried excremental matter might 
adhere to the bullock-hide mats ; and blood, milk, or beef within 
the tent would be liable to contamination. Account for it as we 
may, cholera swept the Masai country. 

When the disease reached the island of Zanzibar, its ravages 
were unparalleled in modern history; but two sections of the 
community escaped entirely — the Europeans living on shore, and 
the Banyans, or Hindoos, natives of India. All other sections of 
the community were attacked, and many Europeans living on 
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board ship fell victims to the disease. The Banyans are strict 
vegetarians, and they eat no animal food whatever. They eat 
fruits and bread-stufls, and they drink water and milk. Their 
milk, however, is the produce of their own cows, and their water 
is drawn from their own wells, no other persoiLs having access to 
them. The Europeans living on shore are particular about their 
water supply, and they use none drawn from the town wells, all 
being carried a distance of seveml miles from sources not obviously 
liable to pollution. Ships lying in harbour have their water 
supply, when needed, drawn from sources obviously liable to 
excremental pollution. The Europeans living on shore and the 
Banyans had nothing in common but a water supply free from 
excremental pollution, and they escaped the disease. The Euro- 
peans living on shore and those living on board ship had every- 
thing in common except water supply, and the former escaped 
while the latter were attacked. Indeed, with the exception of 
the water supply, those living on boai*d ship had the best of it, as 
the north-east monsoon was blowing strongly at the time. 

Dangers in connectiox with the Milk Trade. 

During the i)eriod which has intervened since 1832 the inhabi- 
tants of our towns and cities have, in great measure, got rid of 
one source of danger — an ini})ure water supply ; but we are 
exposed to new dangers from contaminated wells at considerable 
distances, and in heretofore unsuspected quartei-s. 

During that interval a new trade has been developed in con- 
nection with the development of the railway system, and that 
trade is now carried out on a very large scale. I refer to the 
wholesale and retail milk trade. Formerly there was no such 
thing as a wholesale milk trade; or, if it did exist, it was on a 
very small scale. The inhabitants of our cities and towns were 
.supplied from dairit's in the towns themselves, or in their im- 
mediate vicinity. Sweet milk could not bear transit for consider- 
able distances in small barrels, on carts ; so that, unless on farms 
where cheese was made, the milk was churned, and the produce 
of the dairv was sent to town as butter and butter milk. Advan- 
tage is now taken of the railway system, and milk from dairy 
farms 40 or 50 miles distant can be delivered in town as easily 
and quite as profitably as was formerly the case as regards dairy 
farms 2 or 3 miles distant from the towns. The milk from 
these remote places passes into the hands of wholesale dealers, on 
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whose premises it is liable to be mixed, and is distributed all over 
the city. The trade is perfectly legitimate, and is not only a 
public convenience, but a public necessity. Now, we have had 
numerous illustrations during recent years of epidemics of enteric 
or typhoid fever taking their origin in a contaminated milk- 
supply due to cases of enteric fever occurring at dairy farms; 
and in some cases it has been proved beyond the possibility of 
doubt that the contamination was due to excretal matter gaining 
access to water in the first place. It is now very generally 
admitted that the cholera poison and the enteric fever poison are 
propagated and disseminated in analagous modes; so that our 
liability to epidemic outbreaks of enteric fever may be regarded 
as the gauge of our liability to epidemic outbreaks of cholefa. To 
the question, therefore. Are we safe] I would say. Certainly not. 
Were a case of cholera to occur in a dairy farm, and were the 
water used for dairy purposes contaminated with the excretal 
matter from the cholera patient, a widespread epidemic of cholera 
might be set up of incomparably greater magnitude than any 
enteric epidemic which has ever occurred from similar causes. 
The question therefore arises — Do such conditions exist to any 
great extent 1 I would answer this question by an appeal to facts. 
During the autumn of last year a sharp but limited outbreak 
of enteric fever occurred in Glasgow, the victims being chiefly 
inmates of the Royal, Western, and Belvidere Hospitals. An 
investigation was immediately instituted, and Dr. Hussell, Medi- 
cal Officer of Health for the city, was satisfied that the outbreak 
was due to a contaminated milk supply from a dairy farm within 
the jurisdiction of the Local Authority of Kilwinning. The 
Local Authority, with commendable zeal, made a veiy complete 
examination of the water supply and general sanitary condition of 
all the licensed dairy farms within their jurisdiction, and reported 
in a fair, open manner the results of their inspection to the Board 
of Supervision. Their report is one of the most interesting and 
important that I have seen for many a day, as illustrating the 
sanitary condition of dairy faims throughout the country; for 
we cannot regard the district of Kilwinning as exceptionally bad. 
The Local Authority report on the sanitary condition and water 
supply of about 60 farms ; and it may be said that in 50 out of 
the 60 farms there are conditions existing, as regards contami- 
nated water supply, dangerous to the public health. The whole of 
the milk supply from these farms Ls not sent to Glasgow, most of 
Vol. XVI. o 
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it being disposed of locally; but there is nothing to preyent it, 
were it a paying concern, being all sent to large centres of popula- 
tion. I do not by any means wish to convey the impression that 
all, or even a portion of, the milk from this important dairy dis- 
trict is actually contaminated with the enteric fever poison ; but 
it is certainly liable to be so contaminated, and equally so with 
the cholera poison were cases of such diseases to occur among 
inmates of these farms. 

As the Report of the Local Authority is too valuable to be lost 
sight of, I have made the following extracts from the appendix, 
omitting, however, the details of the chemical analyses of several 
of the wells : — 

1. **The well is below the dwellings, and occupies a position 
which would cause a suspicion of contamination." 

2. " The open well is in a most suspicious position, and is sup- 
plied by a common tile drain running across Fergushill square. The 
course of the drain is right below the principal privy and ashpit 
in Fergushill square." " About two yeara ago, the water was so 
bad that the family were almost obliged to give it up. They were 
all affected with diarrhoea of the kind which generally accompanies 
fever. The cattle drink out of a pond supplied from dam in bum, 
which pond is less than 30 feet from dunghill, and several feet 
lower than it." 

3. " There is a well in close beside dunghill said not to be used 
in any way which would cause danger. The domestic supply is 
got from a well several hundred yards distant from the house, and 
in a situation where sewage contamination is impossible." 

4. " The well is in middle of courtyard surrounded by byres 
and stables. Situation is certainly objectionable." 

5. " The water supply for family is carried from an open well, 
at a distance of about 300 yards. A place called the pond, near 
the house, which in summer is a mudhole, is occasionally used 
for washing milk vessels ; and water for this purpose is at other 
times got from a trough about 300 yards distant, into which water 
is pumped from a neighbouring coal pit. Water is also some- 
times got from an open well, between the two rows of miners' 
houses which form the village of Doura. This open well is sup- 
plied by surface dmius from the adjacent field. It is also used 
by the villagers. The water is believed to be bad in quality." 

6. '* There is a pump in the courtyard, which stands against 
the wall and near the door of the dwelling-house. The well is 



Dr. J. Christie oh Precnutiorni ngaiiist C/iokra. 211 

said to be supplied by water from the roof unfiltered, and what is 
called * seep ' from the courtyard. It seems very objectionable." 

7. " The well, on which there is a pump, is situated behind the 
kitchen, and within 10 feet of dungstead, and the suiTouudings 
are badly drained. The adjacent surface is covei-ed with sewage 
water. The water in well is likely to be contaminated. The 
dungstead, immediately in front of the house, contains much 
water, and is altogether in a very bad state." 

8. " The pump is in middle of court, and about 10 yards from 
a dirty pond of moss water. The pump is only used for domestic 
purposes, and the cows drink from the pond. The well is in- 
sufficiently covered, and the waste water all finds its way back into 
it." 

9. " Water supply is obtained from a well situated in the 
corner of a field about 80 yards from farai steading. A ditch 
runs close to the well, and is only separated from it by a few 
inches. The drainage from dungstead goes near to well, and has 
a connection with the ditch. The water of ditch must often, if 
not always, mix with that of the well. The dungstead is on the 
side of public road, and is in a very filthy condition." 

10. " Water supply is from a well on which there is a rickety 
pump standing near the front door of the house. The well is 
supplied by drain from neighbouring field. The tenant says that 
at times the water is very bad. For some years he has abstained 
from manuring the field, as, when he did so, the water was more 
or less affected." 

11. " Pump- well situated in courtyard. Tenant says that water 
is bad ; sewage flows past, of which much must find access to the 
well. The pump brings up mud and worms along with the water." 

12. **The well is in court, within 15 yards of dunghill, and 
surroundings are not good. The water from roof is led into well 
unfiltered, and part of the supply is brought into well by common 
tile drain running through the court." 

13. " Pump is within a few yards of the gable of one of wings 
of steading, and is supplied by water from roof, partly filtered, 
and from a field drain. The close is muddy in neighbourhood of 
pump." 

14. " The well is in courtyard and has a pump. It is about 4 
yards from stable, and is said to be on a gravel bed. There is a 
plentiful supply. The position is very suspicious." 

15. "There is a well in court, partly open, and about 15 feet 
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deep. It is used for the cattle and for washing dishes. The 
position is suspicious, being within 18 feet of a large piggery. 
There is also a pond, about 100 yards from the house, near which 
the drainage from the dungstead passes, and from which the 
cattle are generally supplied." 

16. " There is an open well 30 yards from farm-steading, which 
is supplied by drains. The water is said not to be palatable, and 
looks suspicious. It is used for meat of cattle and for washing 
dishes. The principal domestic supply is from a well in ditch 150 
yards from house. The water appears to be impure. The supply, 
especially during the summer, on the farm itself is not plentiful, 
and must always be more or less contaminated." 

17. " Pump in the coui*t. The supply is brought from a filthy 
ditch by pipes to well situated near the pump." 

18. '* Within the house is a pump and well, supplied from roof. 
The water is only used for washing dishes, and the well is dry 
during drought. The farm is otherwise supplied by an open well 
situated in a field 300 vards distant It is in a bad state. The 
water is dirty looking, with a scum on the top of it, more like a 
mudhole than anything else." 

19. "The pump is placed against wall of house, and 15 feet 
from it, in the courtyard, is the well, said to be pretty deep. It 
is surrounded by house and offices, and the circumstances are 
therefore suspicious. Another well, on which there is also a 
pump, is about 80 yai*ds distant from steading. It ia cradled, 
and is partly supplied by a drain.*' 

20. " The pumj) is at byre door. The well is said to be beside 
dung.stead, which is several feet below top of well. The water 
must be contaminated." 

21. " Well, on which is a pump, is about 12 yards from frt>nt of 
house. The spring is said to be good. A bye-road passes 
immediately below the well, which road is covered with a thin 
coating of droppings from cattle. The circumstances are sus- 
picious." 

22. " The well is covered with flags, and is situated in coui't- 
yard, a few feet from sewage pool, into which liquid from dung- 
stead flows. Courtyard is altogether in a very filthy state. The 
well must be contaminated. The sanitary arrangements about 
the steading are altogether defective. Liquid manure Ls lying 
stagnant both in courtyard and in ditch outside of it" 

23. " Well is in front court, near dwelling, and a few feet fr*om 
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wall of byre. The byre is between well and dungstead, beside 
which is the pump." 

24. "The pump-well is in courtyard, within 9 feet of house, 
and is an ordinary cradled well. The surroundings are not free 
from suspicion." 

25. " Pump is on opposite side of public road from house ; and 
the well is supplied from a drain running through a field on a 
higher level. When the field is in pasture, the water is probably 
good, but it is generally scarce in summer." 

26. " The pump is at front of dwelling-house door, and the well 
is about 12 feet from the house. A ditch full of liquid manure is 
about 20 feet from the well, and a tile drain which ccuries off this 
liquid passes within 10 feet from the well. Very suspicious." 

27. " Draws from Dyett's well and from gravitation. There are 
privies and dungsteads in dangerous proximity to the well." 

28. " Pump-well is at extremity of courtyard, and about 30 
yards from dungstead. The pump is a few yards from dwelling." 

29. ** Pump- well is in courtyard, and near byre, and 20 yards 
from piggery and dunghill. The circumstances point to probable 
pollution. There are other wells on the farm that are used for 
cattle." 

30. " A well in courtyard is supplied from a source two or 
three hundred yards distant from house, brought in closely 
cemented spigot and faucet pipes. The water is said to be the 
produce of drains, and may be good enough when the fields are not 
being manured." 

31. " Well, on which is a pump, is at byre wall, and only 8 yards 
from dungstead. The well is said to be 20 feet deep. The cir- 
cumstances are suspicious." 

32. " A large trough placed at side of little burn is at the outlet 
of surface drains, and is used for domestic supply. It is on the 
level of the bum, which must frequently flow over it. A yard or 
two above the trough is a dam. About 3 feet above the level of 
the trough, and in the dam, there is a good deal of sewage, for an 
open drain carries the liquid produced by the dungstead right into 
it. The circumstances are very suspicious." 

33. " Gravitation water supply is used for most purposes. It is 
said, however, that it is lukewarm ; and, for making butter, they 
require to use the water from a well situated at the foot of the 
garden. The water of this well is manifestly much contaminated 
with sewage, and its use ought to be prohibited." 
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From these extracts it is very evident that the sanitary condition 
of our dairy farms is such as to indicate great danger to the large 
centres of population in the event of cholera gaining a footing in 
this country. The polluted city pump-wells are gone; but in 
their place we have the pump-wells in the courtyards of dairy- 
farms, exposing our milk supply to an equally dangerous pollution. 

Dangers from the Modern Sewage System. 

In our cities, and most of our large towns, considerable advances 
have been made, gravitation wat^r supplies having been introduced, 
wells having been closed, and the water carriage system applied to 
the removal of excremental matter; but the inhabitants of such 
places may possibly have a very disagreeable awakening from any 
fancied security in which they may indulge. Marseilles is said 
to possess an abundant supply of good water ; but Marseilles has 
been swept by epidemic cholera of a most virulent type. 

No Local Authority in Great Britain will, I venture to affirm, be 
prepared to grant a certificate as to the perfection of its drainage 
system ; and until very recently, no occupier of a house had any 
idea whatever as to the condition of its drains. If the water ran 
when the closet handle was drawn, that was all that he knew 
about, or cared about; and if there were no symptoms of chokage 
in a main drain, that was all that the Local Authority knew about 
or cared about. 

I have spoken somewhat strongly regarding the inertia of our 
rural Local Authorities, but I by no means intend to convey the 
impression that we, the inhabitants of cities, are perfect in sanitary 
matters, so that, while it is unquestionably true that most of our 
small towns, villages, and rui*al districts generally, are in precisely 
the same condition as they were fifty years ago, it is also true 
that, while our cities and many of our large towns have improved 
in many important respects, they are exposed to new dangers, and 
the improvements have not been so thorough as they might have 
been. 

We have been working on the lines of an antiquated and 
imperfect sewage system, and that system has extended its area 
tenfold and more during the last fifty years. Until very recently 
no attention whatever was paid to house drainage. Brick drains, 
rudely constructed, running beneath the floors of houses ; or pipe 
drains, uncemented, or roughly placed end to end, often with 
considerable spaces intervening, were deemed sufficient for all 
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practical purposes. The old pan-closet, with a bent pipe for a 
trap, communicated with the drain, which led into a built cesspool. 
The latter was covered with a stone ; and, above it, a layer of 
earth was placed. In houses of more recent construction, an 
earthenware trap, which is merely a small cess|)ool, was intro- 
duced, and it too was generally covered over, so that in a short 
time all knowledge of the position of the trap or cesspool had 
disappeared. It is very seldom indeed that a cesspool or trap is 
cleansed. Such an operation seems to be deemed quite unnecessary, 
the idea evidently being that a cesspool or trap is self-cleansing 
and automatic. I saw myself, a short time ago, over two cart 
loads of filth taken from an old brick cesspool, the accumulation 
of about forty years, the proprietor of the house having had no 
knowledge of its existence. 

Last winter considerable quantities of chemical refuse of a very 
foetid description had been discharged into the sewers of one 
district of Glasgow, the result being an extremely offensive odour, 
extending over a considerable area of the city, which was recognised 
both in the public streets and in the houses. The most strenuous 
efforts were made by the Local Authority to discover the authors 
of the nuisance, and I believe that these efforts were successful. 
Much public indignation was excited, and numerous letters 
appeared in the public prints from indignant correspondents. I 
ventured, however, to express the opinion that the authors of tbe 
nuisance should have been handsomely rewaixled, as they had 
Implied on a very large scale, and free of expense, the smoke test 
to the drainage system of the city. 

If sewer gas, therefore, can have anything to do with the propa- 
gation of epidemic cholera, then we, the denizens of cities and 
large towns, are far from being safe, notwithstanding the possession 
of an uncontaminated water supply. We must, moi-eover, take 
for granted that our city soil is more or less saturated with the 
products of sewage decomjK>sition. Were our water supply dis- 
tributed on the intermittent system, and were there any deficiencies 
in the water pipes, then, when the water was shut off, contaminated 
matter might pass by suction into the mains. 

Dangers from the Ashpits. 

During the last four years especially I have urged continuously 
upon the local authority of a suburban burgh the necessity that 
exists for the abolition of ashpits, and the inti-oduction of a daily 
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system of collection and disposal of all house refuse. As regards 
the advantages of such a system, I have met with no opposition ; 
but it requires an immense amount of continuously applied force 
to overcome the inertia of a local authority, and still more to over- 
come that of the public generally. In the case of a small town or 
village there might be some reason, on the ground of economy, for 
a monthly removal ; but there can be none in the case of large 
towns and cities. A model ashpit is a receptacle, in the immediate 
neighbourhood of a house, in which ai*e deposited ashes and all 
manner of house refuse. Some are entirely underground, some 
partly, few are di^ained, and none are water-tight. In all, slow 
putrefaction goes on ; and, when emptied, they smell abominably. 
They are the breeding places of flies and other insect pests, the 
homes of vermin, and the haunts of niiddeu-rakei-s, the allies and 
spies of thieves. Yet it is scarcely possible to get quit of the 
midden, even in the most select disti-icts of our cities. The modem 
ashpit is about the best contrivance I know for aiding the genera- 
tion of the lower forms of vegetable and animal life. It is full of 
animal and vegetable matter undergoing slow putrefaction, and it 
possesses a still atmosphere and the requisite amount of moisture 
and degree of heat. It is therefore an admirably constructed 
incubator for the ova of flies, beetles, etc., and for the development 
of micro-organisms generally. 

There is no necessity whatever, even on the plea of economy, 
for the existence of these abominable and unhealthy nuisances. 
House refuse should be collected daily, or, at the outside, every 
second day, on the bell-cart system ; and what cannot be used as 
manure should be at once bunied in the destructor. 

We have no very definite knowledge as yet regarding the rela- 
tion of the ashpits and cholera epidemics ; but I would most 
certainly say that the putrid, or semi-putrid, ashpits of our large 
towns must be a very considerable source of danger. I am there- 
fore strongly of opinion that local conditions do exist in both 
town and country calculated to give terrible force to a cholera 
epidemic. The information which we have possessed regarding 
these local conditions for twenty ye^rs and more has not been 
taken advantage of. We have turned a deaf ear to all warnings, 
such as those which I have quoted, and we must just take the con- 
sequences. Even with our imperfect Public Health (Scotland) 
Act, our local authorities might have put their respective districts 
in tolerable order ; but the Public Healtli Act, owing mainly to 
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its permissive clauses, has been practically a dead letter. A dis- 
tinguished politician recently said that ^^ force w no remedy.*^ 
It may be so in some cases; but certainly it is not true as regards 
sanitary matters. Force is the only remedy. The sanitary system 
of the universe is perfect, and it is a system of irresistible force. 
No sooner is there decay than there are countless myiiads of 
scavengers engaged in clearing it away. But these scavengers 
very frequently, while engaged in clearing away human nuisances 
clear away tlie authors of the nuisances as well, and not unfre- 
quently many who have nothing to do with the nuisances. Force 
is a remedy ; and we should now have no permissive clauses, as 
regards fundamental principles, in public health legislation. 

When reasoning on sanitary matters, what kind of answers do 
we get? The farmer says regarding his well — My father was a 
decent man; I wish we were all like him. He lived till he was 
eighty, and he and all his family drank the water of the well, and 
none of us ever had cholera. There is not more wholesome water 
in the whole country side. 

Some civic authorities say — The men engaged constantly on 
our river are a healthy class of men; and there is no evidence 
that those living in its immediate vicinity suffer in health ; there- 
fore there is no necessity for taking steps regarding the purification 
of the river. 

It is also said that scavengers, and those engaged in cleansing 
and repairing sewers, are a healthy class of men ; and that^ there- 
fore, sewer gas and sewage emanations cannot be so very dangerous 
after all. 

It is quite true that the farmer may drink water contaminated 
with liquid manure ; that ferrymen and boatmen may inhale the 
offensive vapours arising from the river ; that scavengers and 
plumbers may breathe the so-called noxious sewer gases, and do 
so with apparent immunity; but it is also true that explosions 
in gunpowder factories and dynamite works are extremely rare ; 
and that the most dangerous operations are carried on daily, 
without any great amount of care, and with wonderful immunity. 
But the conditions of danger are ever present, and when the 
exciting cause is introduced it may act witfi terrible force. 

I reiterate the statement that we have pi*actically ignored 
the fundamental principles of sanitary science, authoritatively 
enunciated moi*e than twenty years ago. 

But we know much more now than we did twenty years ago 
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regarding the laws which regulate the diffusions of epidemic 
diseases generally, and of cholera in particular, and these advances 
have been made chiefly during the last few years. 

I shall not attempt to describe the various advances which have 
been made in building up the germ theory of disease, and which 
have culminated in the brilliant discoveries of Pasteur and Koch ; 
but I may state that the most recent advances in scientiiic 
medicine merely confirm what was all but demonstrated long aga 
When I say that, from a practical point of view, nothing has been 
added to our knowledge, I do not intend by any means to under- 
estimate the brilliant discoveries which have been made. On the 
contrary, I regard them as of the utmost practical importance, as 
bringing within the sphere of demonstration what was formerly 
mei*ely hypothesis, though hypothesis coming as closely as possible 
to absolute demonstration. 

Koch has succeeded in isolating and cultivating certain minute 
micro-organisms, called bacilli, which he supposes to be the 
essential factora in the causation of the disease called Asiatic 
cholera. These bacilli he found in uncountable numbers in 
certain portions of the intestinal canal especially. He found 
them also in the rice-water evacuations of cholera patients ; and 
what is of still greater importance, in the water of one of the 
Calcutta tanks used by the natives for drinking purposes. Now, 
it is a well-known fact that the natives of India bathe and wash 
their clothes in these large fresh-water tanks, from which they 
draw their water for domestic purposes ; so that these tanks are 
always more or less fouled with excretal matter, and are also 
liable to be fouled with the excretal matter of individuals suffering 
from cholera. Koch found also that these bacilli multiplied 
enormously, and with marvellous rapidity, on damp linen fouled 
with the excreta of cholera patients, and that they retained their 
vitality so long as the linen retained its humidity. He found, 
however, that the bacilli soon lost their vitality when exposed to 
heat so as to cause dryness. This is characteristic of all bacilli, 
but not of the spores of the bacilli. Koch, however, has not 
succeeded in demonstrating the spores of the bacilli, and he seems 
to doubt whether such spores really exist. In all probability 
their existence will yet be demonstrated, so that a wider appli- 
cation may yet be given to the germ theoiy of disease. 

He has succeeded in demonstrating the &ct that these bacilli 
multiply enormously in polluted water, such as may be found in 
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the large tanks of India, and I may add such as may be found in 
the sewage-polluted wells of this country. But I will go a step 
still further, and state that a well or water supply, for gravitation 
purposes, containing a large amount of impurities, though they be 
not of the nature of sewage, must be sources of great danger. 
The micro-organisms found therein are perfectly harmless ; but, 
given the contamination of one of these sources with the dejecta 
of a patient suffering from choleiu, then the bacilli of cholera 
might multiply, according to the laws of their development, and 
poison a whole community. By-and-by we may hear of some case 
of this kind. 

In view of the possibility of an outbreak of cholera in this 
country, I may enumerate the following as national and local 
precautions against the disease which might be enforced: — 

I. Means for preventing its introduction. 

1. The medical inspection of ports, and of the crews and pas- 
sengers coming from infected ports, should be rigidly attended to. 

In former times, and even now in some quarters, quarantine 
was regarde<l as the great panacea ; but quarantine measures have 
never been successful in keeping cholera out of a country; and 
quarantine, in the present advanced state of civilization, is quite 
impossible. In former times, the 14th and 15th centuries, quaran- 
tine was a feasible measure, as then the intercourse between 
nations was but trifling, and a temporary interruption to that 
intercourse would have been of little or no consequence. Two 
centuries ago. Great Britain could have placed a cordon sanitaire 
around her islands without any great intei-ference with commerce, 
and without interfeiing much with the material comforts of her 
inhabitants ; but now the case is different. The effects produced 
by a rigid cordon sanitaire, or by the application of the old 
quarantine regulations would be disasters ten or twenty times 
greater than what would be produced were the dreaded event to 
occur. What would interruption to the passenger and goods 
traffic to and through the Continent for three months mean 1 or 
vice versa, to this country from the Continent ? It would mean 
utter stagnation of trade, and that means misery and premature 
death to multitudes of people. It did not do so formerly, but it 
does so now. Say that Glasgow was infected with cholera. Of 
what avail would a cordon sanitaire be? It would never be 
tolerated, and were it allowed it would be of no use. But were 
it carried out in its entirety it would cause more misery and death 
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than all the epidemics which have occurred in the city ever have 
done. 

2. Another national precaution during the recent epidemic on 
the Continent has been the disinfection at railway stations of 
passengers and goods coming from infected localities. It is a 
matter of surprise how any national or local authority could ever 
have sanctioned such measures, as they can be characterized as 
nothing else than a farce — a medico-scientific caricature. Every 
authority which has initiated and enforced such measures will, 
within a very short period, be ashamed of ever having done so. 

II. National precautions for preventing its development in the 
event of introduction. 

1. The notification to the Local Authority of communicable 
diseases, including cholera, should be rendered compulsory. 

2. The isolation, to the satisfaction of the Local Authority, of 
pei*sons sufiering from communicable diseases, including cholera, 
should be rendered compulsoiy. 

3. The isolation, to the satisfaction of the Local Authority, in 
reception-houses or otherwise, of persons presumably in the stage 
of incubation from communicable disease, including cholera, should 
be rendered compulsory. 

4. Additional powers should be given to Local Authorities as 
to the disposal of excrementitious matters, and as to securing the 
purity of the water supply in their respective districts. 

5. Compulsion should be placed on the Local Authorities for 
caiTying out efticiently all such measures. 

III. Local precautions. These precautions may be summed up 
briefly as follows : — Cleanliness, in its fullest and widest sense, is 
the primary element of safety. 



XIII. — On an Air or Gas Thermometer , suitable for Registering 
Temperatures out of the range of Afercwrial or Alcohol 
27iermometers. By J. J. Coleman, F.C.S., F.I.C., partly 
described to Society of Chemical Industry, 29th January, 

1885, without drawings. 

[Read )jcfore the Society, 4th March, 1885.] 



The Gas Thermometer which I am about to desciibe was con- 
structed for the purpose of checkiii*; the thermometers used by 
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Professor M'Kendrick and myself, iii our researches on the effects 
of low temperatures on micro-organisms, communicated to the 
Philosophical Society of Glasgow, on 4th March, 1885. 




As the construction presents some points of interest, more 
especially as being suitable for taking observations out of the 
range of all ordinary instruments, and the graduation being made 
on the absolute scale founded upon thermodynamic considerations, 
I have thought a brief description of it may be interesting to the 
Society. The instrument may be filled with dry air, or better 
with hydrogen gas, and consists of a closed bulb, X, with which 
is connected a fine-bore tube, W W W, carried either horizontally, 
or first upwards and then horizontally, and then turning down- 
wards into a wide tube, S S, of unifoim bore, dipping into oil of 
vitriol, or some hydrocarbon liquid, without sensible vapour tension. 

The outer tube being supported by a cord attached to a weight 
suspended on the pulley, it is obvious that it can be adjusted so 
that the columns of liquid in the two tubes can be at any moment 
made to correspond in height, thus eliminating eiTors arising from 
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varying leDgths of the thermometric liquid column. The instru- 
ment is also provided with a plug hole at P, so that if desired to 
work without barometric correction (i.e., to disregard the influence 
of the variations in the barometer upon the bulk of gas during 
the short time of making an observation), the height of the liquid 
in the index tube can be adjusted with an oi-dinary standard 
mercurial thermometer, at some convenient pomt, say 15*^ C, 
and the plug screwed in, when the instrument will be ready for 
observation. The more accumte way, however, to use the insti'u- 
ment is to correct each observation })y the barometer, which 
indeed is comparatively little trouble, as the thermometer observ*a- 
tions are read off in degrees absolute. 

When observations are being taken it is of course essential that 
all parts of the appamtus, except the bulb, be kept at a constant 
temperature, which must be exactly that which existed at the 
time of graduating the instrument — this is conveniently done by 
small gas jets burning in the apartment when the readings have 
to be taken. 

In graduating the instrument two points are selected on the 
ordinary mercurial standard thermometer known to be accurate 
— say 0" centigrade and 30^ centigrade. The bulb of the Gas 
Thermometer (a) is then immersed in water exactly intermediate in 
temperature, viz., 15° C, and a mark made at the height of the 
column, which should be near the bottom of the index tube ; the 
bulb is then immei*sed at zero, and afterwards at 30^ and marks 
again made at these points. If now the distance be measured, 
which the column occupies, between 0"* and 30", and be divided 
by 30^, it will give approximately the length of the degree at 15* 
— its position having already been marked on the stem. Having 
thus determined the length of a degree, its length at any other 
point is determined by the fact that the mass of air in the bulb 
increases as the absolute tempei'ature diminishes; or, in other 
words, when the absolute temperature diminishes one half, the 
mass of air in the hulh doubles, and the weight taken in or ejected 
per degree quadruples, thus lengthening the degrees on the index 
kept at constant temperature in same proportion. 
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XIV. — An acco^int of some recent Eocperimenia on the effects of very 
Low Temperatures on tJie Putrefactive Process^ and on some 
Vital Phenomena, By J. J. Coleman, F.C.S., F.I.C., and 
John G. M*Kendrick, M.D., LL.D., F.R.S. 



[Read before the Society, 4th March, 1S85.] 



In recent years many experiments have been made as to the 
effects of high temperatures on micro-orgsuiisms, with the result 
of showing that while exposure to temperatures of from 122' to 
140** F. kills many of such organisms, some, especially the spores 
of bacilli, require exposure to the heat of boiling water for as long 
as half an hour. It is stated by Klein that " no spores survive 
exposure to a temperature of 120°C." (248° F.).* The question 
naturally arose as to whether or not it might be possible to destroy 
such organisms by cold, and various observers have attempted to 
answer it. Thus, before 1872, we find Dr. Ferdinand Cohn t 
stating that he had subjected Bacteria to low temperatures 
without destro3ring their activity. He gives the temperatures 
as follows: — Exposure for 12 hours 30 minutes to a temperature 
0" C; for Ih. 30m. to - 16** C; for Ih. 45m. to - 17' C; for 
3h. 30m. to - 18^ C; for 4h. 30m. to- 18' C; for 5h. to- 17'-5 
C; for 6h. to - 14' C; and for 7h. 30m. to - 9' C.J He pro- 
duced the cold by freezing mixtures, and the lowest temperature 
he obtained was - 18' C. = 0' F. 

Klein § states that '^ Freezing destroys likewise most bacteria, 
except the spores of bacilli, which survive exposure to as low a 
temperature as — 15° C, even when exposed for an hour or more." 
Again, in another place || he says: *' Exposing the spores of 



* Klein's Micro-organismB and Disease, 1884, p. 35. 
+ Cohn*s BeitrSge zur Biologic der Pflanzeu, 1870. Zweites Heft, p. 221. 
X To convert F." to C." subtract 32, multiply by 5, and divide by 9. To 
convert C* into F." multiply by 9, divide by 5, and add 32. 
§ Klein, Micro-organisms, p. 35. 
li Klein, o/>. cii. , p. 73. 
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anthi*ax-bacillu8 to a temperature of 0* to - 15* C. for one hour 
did not kill them." 

Tn 1884 a remarkable series of experiments were described to 
the French Academy, by MM. R. Pictet and E. Yung.* These 
observers sealed up in small glass tubes fluids containing various 
kinds of microbes, and placed them in a wooden box. The box 
was in the fii-st place submitted for 20 hours to a cold of - 70' C, 
produced by the evaporation of liquid sulphurous acid in yacuo. 
The box was then surrounded by solid carbonic acid for 89 hours, 
and a cold of from - 70° to — 76'' C. was thus obtained. Finally, 
the box was subjected for a third period of 20 hours to a cold pro- 
duced by the evaporation of solid carbonic acid in vacuo — the 
temperature being estimated at from - 76* to - 130' C. — that is, a 
minimum temperature of 202' below zero Fahrenheit. They sum 
up by stating that the organisms were acted on by a cold of — 70' 
C. for 109 hours, followed by a temperature of - 130' for 20 
hours. The organisms tested were Bacillus anthraciSy Baeillus 
subtilis, Bacillus ulna, Micrococcus luteus, and a micrococcus not 
determined. Bacillus anthracis retained its virulence when in- 
jected into a living animal. The vitality of the others was not 
affected. PJxperiment showed that, whilst cold seemed to kill 
some of the micrococci, a great number resisted it. Yeast showed 
no alteration under the microscope, but it had lost its powers of 
fermentation. Vaccine lymph exposed to the low temperatures <£d 
not produce a pustule on the left arm of an infant, whilst another 
sample of the same lymph introduced into the right arm of the 
same child produced a pustule. Pictet and Yung conclude, from 
their experiments, that, in the conditions of cold indicated, many 
of the lower organisms were not destroyed.! 

Prior to becoming acquainted with these remarkable researches, 
we had begun the investigation, the results of which will now be 
shortly communicated. 

The difficulty of experimenting upon the effects of low tempera- 

♦ Comptes Rendus, Tome XCVIII.. No. 12 (24 Mars., 1884), p. 747. 

t 111 a letter to Dr. M'Kendrick, Professor Arthur Gamgce states that 
some months ago he exposed putrescihle fluids to moderate degrees of cold 
without thereby preventing putrefaction, and that he abandoned the 
research as unlikely to lead to any important result with the temperature 
lie had at command. It is also stated in Landois' Physiology, translated 
by Stirling, vol. i., p. 456, on the authority of Frisch, that "bacteria 
survive a temperature of - bT* C ; yeast even - 100* C." 
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tures upon various substances has been much lessened by the 
practical introduction of cold air Diachinery for technical purposes, 
described in a paper read by Mr. Coleman to the Institute of Civil 
Elngineers in February, 1882. These machines, in an ordinary way, 
supply streams of atmospheric air cooled to about 80* below zero 
F. ( - 63** C), but, by certain modifications, they can be adjusted 
to deliver the air cooled much lower, and, in point of fact, to as 
low temperatures as have yet been produced in physical researches. 

For the purposes of these experiments a machine, worked by a 
gas motor engine, capable of delivering 30 cubic feet of air ("84 
cub. metre) per minute, has been employed, the cold an* being 
made to pass upward in a squai'e vertical shaft of wood, in the 
sides of which were apertures regulated by valves, and by means 
of which about a dozen cliambers, each of three cubic feet capacity 
(•084 cub. metre), could be maintained at any particular tempera- 
ture desii'ed. These temperatures were carefully taken by an 
absolute alcohol tliermometer, made by Negretti 6: Zambra, and 
checked by a special air thermometer devised by Mr. Coleman. 

The experiments consisted in exposing for hours to low tem- 
peratures putrescible substances in hermetically sealed tins or bottles, 
or in flasks plugged with cotton wool ; the tins or flasks were then 
allowed to thaw, and were kept in a waim room, the mean temper- 
ature of which was about 80"* F., 27'' C. ; they were then opened 
and the contents submitted to microscopical examination with 
magnifying powera of from 250 to 1000 diameters. The general 
results are as follows : — 

1. Meat in tins (4A inches in diameter, and 1 inch in depth), 
exposed to 80® below zero F. ( - G3 C.) for 6 hours undei'went 
putrefaction with generation of gases. 

2. Whilst these experiments were going on, comparative ex- 
periments were made with tins and bottles containing meat, but 
not exposed to cold. Under such circumstances, the effects of 
storing them in the warm room for even the shoi*t period of a fort- 
night, was to develope such large quantities of extremely foetid 
gas, and very active bacteria and vibrios, that we had no doubt 
whatever but that exposure to a cold of 80® below zero (63^*0.) 
had checked their development to some extent in the subsequent 
exposure to a warm temperature. 

3. On the 24th of December, 30 samples of fresh meat were 
placed in 2 oz. white glass phials. These were carefully corked 
with corks previously steeped in mastic vaniish, and the necks 

Vol. XVI. p 
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of the corked bottles were then immersed in melted sealing wax. 
These bottles were divided into five sets, and marked A, B, C, D, 
and E, and they were treated as follows : — 

A. 6 samples were exjK)sed to zero F. ( - WO.) for 65 hours. 

B. 6 „ „ -20F. (-29'C.) 

C. 6 „ ,, -30F. (-3rC.) 

D. 6 „ „ -40F. (-40'*C.) 

E. 6 „ „ -80F. (- 62^*0.) 

These experiments ended on 28th December. On the 29th one 
bottle from each group was again exposed to - 80°F. ( - 63*C.) for 
6 hours, then again frozen for 6 hours at - 80'*F. ( — 63*0.) The 
whole of those were removed to the room, but in the meantime it 
was noticed that at tempei-atures below zero, and particularly so 
low as - 80'*F. ( - 63°C.), the meat assumed a peculiar dirty brown 
appearance. In the course of a few hours, however, the whole 
of the samples assumed at normal temperatures the well-known 
reddish colour of meat. In all cases, however, in the course of 
ten or twelve hours after removal to the warm room, signs of 
putrefaction were visible, and in the course of a few days, the 
putrefactive process was fully established. It is important to 
notice that the temperature reached in these experiments namely, 
from 70** to 80** F. (-56° to - 63'C.) is nearly the minimum 
degree of cold hitherto observed in Polar expeditions. (See Note,) 

4. It is well known that freezing muscle taken from a newly 
killed animal, pi*cvents the coagulation of muscle-plasma, and that 
the plasma can, on partial thawing, be squeezed out of the muscle 
and allowed to coagulate. It occurred to us that if muscle were 
suddenly exposed to extreme cold, before cadaveric rigidity had set 
in, some change might be observed in the putrefactive process. 
Accordingly, a rabbit was instantaneously killed, portions of its 
muscles were at once placed in stoppered bottles and transferred 
to the cold chamber, then having a temperature of about - 80*F. 
They were kept there for 10 hours; then allowed to thaw partially 
in the cold chamber, wliilst the cold-air machine was not at work; 
then again frozen for 12 hours; and finally transferred to the warm 
room. In these circumstances, they undei'wcnt rapid putre&ction. 
The samples seemed to be more moist than other specimens of 
ordinary butcher meat and they certainly imderwent more rapid 
putrefaction. 

5. A further set of experiments with meat was carried out in 
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which the samples were continuously exposed to a temperature of 
from - 90** to - 120"*^ ( - 83«C.) for 100 consecutive hours, the 
bottles were then removed to the warm room, with the result that 
in 10 or 12 hours, the putrefactive process seemed to be fully 
established. 

5rt. It has been shown by Pasteur* that if putrescent or ferment- 
ing substances are sealed up in a comparatively small space contain- 
ing air, the processes are arrested when all the oxygen has been 
used up, and the products of putrefaction may undergo no further 
alteration. In these circumstances, in such experiments as ours, 
the apparent arrest of putrefaction in sealed vessels might have 
been attributed to the action on the organisms of the low tempera- 
ture to which they had been exposed, instead of to the real cause 
— the removal of all the oxygen from the confined air. To meet 
this difficulty we saw the imi)ortance of testing the effect of cold 
on putrescible substances placed in test tubes and flasks firmly 
plugged with cotton wool, through which there might be a free 
play between the gases in the tube or flask and the surrounding 
atmosphere. Nor was it necessary in such experiments to sterilize 
the cotton wool by heat, as must bo done in all researches on the 
effects of high temperatures, because if a low temperature were 
fatal to micro-organisms, it would kill those in the cotton wool as 
well as those in the putrescible substances. Many experiments 
were made with tubes and flasks stopped with cotton wool plugs 
instead of being hermetically sealed, but there was no difference 
in the general result. 

6. Six flasks were filled with fresh urine, and plugged with 
cotton wool, on the 10th of December. The first one plugged 
with wool was exposed to the tempemture of the engineering 
shop where the experiments were carried on (about 50® F.), and 
on the 13th the ui-ine was muddy. On the 18th it was found to 
l)e swarmiug with bacteria and vibrios. The second was exposed 
for 8 hours to zero F. ; on the 13th it showed slight muddiness, 
and on the 18th it was swarming with bacteria. The third was 
exposed to a temperature of - 10® F. for 8 hours, and on 
the 18th it was also swarming with bacteria. The fourth was 
exposed to - 20®F. with the same result. The fifth was 
exposed to - 30° F. with a like result. The sixth was exposed to 
-80* F., and it did not become muddy until the 22nd, that is 12 

« Comptes Rendus, Ivi., 734-1189. See also article ** Fermentation," 
Watta' XMctionary of Chemistry, Fh^t Supplement, p. 612. 
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dftvs fthcr tht V*^- - ^ y <€ iht exi«erizijeii4. These resoles showed 
ildki fi«szii;£ &i Tcrj iiw ic£i;per&rcreB deSsred the s^^^euanoe of 
the slkklizie fermsLUxkiQ dae lo cTOkmsin&. bai s temperature of 

7. SiiiLil-fe :*f freal T--'-ir tij.nsjed lo lempeimoires of from zero 
to - s^j* F. izT eicii hozn cnrdjed. siid showed the well4aM)wii 
.&Ki^ritiM ifjrsAji. si>i. s^:« iftx as ccv::^d be obsenred. freeing did not 
delij th^ pr.oBss iinrT i&e na^ks wer? keja at a temperature of 
abo^i 50 F. 

S. Samples of Presiic»nT«££ jeer looniaining about 2 per cent, of 
alcoLo; were siirilkr^T treated. Exposed to the air of the shop, a 
scum of torals- in^de :is appearaiKe in thre« daT& Freezing un- 
doubtediT deiajed ihe affteiixanoe of these in dasks plugged with 
conon woc*L and the delar oc*me&];*C'ndcd to the fall of temperature, 
so that the samrle exr<«&ed lo - ^o' F. did not show the scum for 
22 dars after its rrmov&I from the cold chamber. Still it could 
not l<e said th^t this desrne^ and duration of cold sterilized the 
fluid. 

9. Samples of sweet ale behaved in a predsdj similar manner. 

10. Samples of meat juice, made bv boiling lean meat, filtering, 
and carefally neutralizing, were also operated on, both in flasks 
hermetically sealed and having the necks stufled with cotton wooL 
Exposed to temperatures of from zero to — SO' F. for eight hours, 
all of these in due timf showed, under the microeiicope, numerous 
bacteria, but the freezing process undoubtedly delayed their appear- 
ance, and this was most marked in the samples exposed to the 
lowest temperatures. 

11. Samples of neutralized vegetable infusion behaved in a 
similar wav. 

1 2. Many experiments were made with putrifying fluids, full of 
bactei-ia and other microorganisms. The method followed was to 
examine the Huid with tiie microscope, and to note the appearances 
of the organisms. Then portions of the fluid were placed either 
in a flask plugged with cotton wool or in a hermetically-sealed 
flask, and exposed to the lowest temperature attainable — namely, 
- 1 20' F. In one set of experiments such organisms were exposed 
to - 120' F. for 100 consecutive houi-s. The thawed fliud was 
again examined microscopically, with the result of showing that 
the organisms were motionless. Still it could not be asserted that 
they, or at all events their spores, were dead, as, after exposure to 
a temperature of 80' F. for a few hours, the fluid was found to be 
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again teeming with organisms in active movement The conclusion 
arrived at was that such prolonged exposure to cold as we could 
give did not kill them, or, at all events, it did not kill them all, 
probably leaving spores unaffected. 

13. We also attempted, by repeated freezings and thawings, to 
kill micro-organisms, as it was conceivable that cold might kill the 
adults only, leaving the spores unaffected. If, then, the spores 
were killed as they approached maturity, and before they had pro- 
duced new spores, we might be able to sterilize the fluid. All our 
attempts in this direction were unsuccessful. 

14. Experiments were also made with gelatinous infusions 
of meat, to which grape sugar had been added. Exposure to 
low temperatures and thawing did not destroy the gelatinous 
character of the substance, but putrefaction was not prevented. 
Such gelatinous masses, after exposure for 100 consecutive hours 
to — 120* F., quickly liquified and gave off gas after remaining 15 
to 20 houi*s in the warm room.' 

15. It is a striking consideration that freezing at low tempera- 
tures makes a mass of organic matter solid throughout, so that it 
can only be broken to pieces by violent blows of a hammer. It 
has then a fractured surface like a piece of rock. Still, when such 
a mass — say a piece of muscle — is thawed its microscopical struc- 
ture seems to be unaltered. All that can be said is that it is 
moister than ordinary fi-esh muscle. It is probable therefore that 
the bodies of micro-organisms are also frozen solid, and yet they 
apparently may live for a long time in this condition. One cannot 
suppose that in these circumstances any of the phenomena of life 
take place ; the mechanism is simply aiTested, coid vital changes 
may again occur when the conditions of a suitable temperature 
return. Such considerations led us to examine whether any of 
the vital phenomena of higher animals might be retained at such 
low temperatures. We ascertained that a live frog may be frozen 
quite solid throughout at a temperature of from - 20^F. to — 30'^ 
F. in about half an hour. On thawing slowly in two instances, 
the animal completely recovered. When kept in the cold chamber 
longer than half an hour, the animal did not recover, but the 
muscles and nerves were still irritable to electricity, responding to 
weak induction shocks. Reflex action, however, was abolished. 
In two cases, frogs were exposed for 20 minutes to a temperatui*e 
of — lOO'^F. On thawing they did not recover, but the muscles 
still feebly responded to electrical stimulation, showing that their 
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irritability had not disappeared. The probability is that longer 
exposure to this temperature, or exi^sm-e for a shorter time 
to a lower temperature, would destroy muscular and nervous 
irritability, but it is a striking fact that initability Can survive to 
any degree a transition through a state of solidity produced by 
cold.* 

16. One experiment was j^erformed on a warm-blooded animal 
— a rabbit Before the experiment, the temperature of the rectum 
was 99-2** F., pulse 160 per minute, respirations about 45 per 
minute. At 10.30 a.m. it was placed in the cold chamber, the 
thermometer of which stood at - 93" F. At 11 a.nL it was 
removed for a minute or two; it did not seem to be aiSeeted, but 
the temperature of the rectum was now 94*2'', a fall of 6° in half 
an hour. It was then re-introduced into the cold chamber, the 
tempemture of which was read oflf at - 100** F. It was taken out at 
1 2 noon ; it seemed to be comatose ; reflex action was abolished ; there 
were jerking movements of the limbs; its rectal temperature was 
now 43** F., a fall of 51* during the hour; its pulse was 40 per 
minute, being a fall of 120; and its respirations were barely 
perceptible. It was placed in a warm place, and it l:)egan slowly 
to recover. In 15 minutes its temperature had risen to 72^ R, 
in 10 minutes more to 89° F. Its pulse beats when removed from 

« 

the chamber were 40 per minute, in 15 minutes they had risen to 
60 per minute, and in 15 minutes more to 100 per minute. The 
animal completely recovered. When removed from the chamber 
at 12 noon, although reflex action was abolished, the muscles were 
still irritable to electrical stimulation, and on placing the wires 
over the sciatic nerve without cutting the skin, strong spasms of 
the muscles of the leg were caused, showing that the nerve was 
still irritable. It follows therefore that some of the etFects of the 
extreme cold were due to inactivity of the nerve centimes. Con- 
sciousness and reflex action were abolished, owing to inactivity of 
the grey matter of the encephalon and of the spinal cord. 

The effect of the extreme cold on the warm-bloodeii or homoio- 
thermal animal, as contrasted with its effect on the cold-blooded 
or poikilothermal animal, is very striking. The cold-blooded frog 
became as hard as a stone in from 10 to 20 minutes, and the tem- 
perature of its body was probably the mean temperature of the 
chamber; the warm-blooded animal produced in itself so much 

* Kithno obscn'cd that a frozen frog's muscle will contract after thawing, 
but the temperatures be reached were not low. 
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heat as enabled it to remain soft and comparatively warm during 
exposure of an hour's duration to - 100^ F. Still its production 
of heat was unequal to make good the loss, and every instant it 
was losing ground until, at the end of the hour, its bodily tempera- 
ture had fallen about 56*^ F. below its natural temperature. Had 
it been left in the chamber long enough, its bodily temperature 
would have fallen until it reached the temperature of the cold 
chamber, and it would then have become as hard as the frozen 
frog. It is remarkable, however, that even at the end of an 
hoar's exposure to — 100° F., its bodily temperature was 143** 
above — 100* F. As blood freezes and the haemoglobin crys- 
tallizes at about 25^ F., had the temperature of the body fallen 
below that ix>int, the animal would not have recovered, as its 
blood would have been destroyed. 

We have only to add that, while the I'esults attained in this 
research are mainly negatire, they are a contribution to our 
knowledge of some of the conditions on which the vitality of 
micro-organisms depend. It is clear that albuminous solids and 
solutions of albuminous matter cannot be sterilized by prolonged 
exposure to very low temperatures, and that therefore any hope 
of preserving meat by permanently sterlizing it by cold must 
be abandoned. Still, as it seems improbable that no degree of 
cold can kill micro-organisms, we hope to renew our attempts, in 
which we will use, as far as possible, organisms isolated by cultiva- 
tion, and these we will submit to still lower temi)erature8 than 
have yet been reached in biological experiments. 

Note. — With reference to the &tatcineDt iii paragraph 3, p. 4, we have 
been favoured with the following remarks by Mr. Alexander fiuchan, the 
enunent meteorologist, to whom we applied for information. ** So far as I 
am aware, or can discover, the temperature of - 73** *7 F registered on 
board the Alert in March, 1876, is the lowest temperature yet observed 
anywhere in the free atmosphere. The lowest meaji monthly temperature 
known is - 55®*8 F for January, at Werchojansk (lat. 67''*34' N, and long. 
133**51' E), in north-eastern Siberia." It is possible that one or more of 
the individual observations that make up this low mean may have given a 
reading lower than - 73" 7 F. 
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XV. — On Uie Liquefaction of Atmospheric Air and other effects of 
extreme cold ; and on Artificial Light and other Phenomena 
of High 2'emperatnre. By J. J. Coleman, F.I.C, F.C.S., 
President of the Chemical Section. 

[Reacl l>efore the Society, IStli March. 1885.] 



Within the last seven yeai-s it has been proved that all gases, 
including atmospheric air, can be reduced to the liquid state by 
lowering their temperature, the opei-ation being assisted in some 
cases by compressing them so as to approximate their particles 
before subjecting them to the influence of extreme cold. 

Theoretically, it is to be infeiTed that the abstraction of heat 
is much more effectual than compression, for in proportion as the 
absolute temperature decreases they decrease in bulk, so that 
before absolute zero is reached, which on Fah. thermometer is 
minus 460^, or Centigrade thermometer minus 273^, they should 
either liquefy or become solid. 

Although Faraday employed compression as well as cooling in 
his earlier investigations upon the liquefaction of gases, he 
appears to have thoroughly undei*stood the conditions upon which 
sucx^ess could be obtained, us in his paper read to the Royal 
Society in 1845 he remarks: — **The following gases showed no 
signs of liquefaction when cooled by a carbonic acid bath in vacuo — 
hydrogen at 27 atmospheres; oxygen at 27 atmospheres; nitrogen 
at 50 atmospheres ; nitric oxide at 50 atmosjiheres. The difference 
in the facility of leakage was one reason of the difference in the 
pressures employed. I found it impossible from this cause to 
raise the pressure of hydrogen higher than 27 atmospheres by an 
apparatus that was quite tight enough to confine nitrogen to double 
that pressure. M. Cagniard de la Tour has shoWn that at a 
certain temperature a liquid under suflicient pressure becomes 
clear transparent vapour or gas, having the same bulk as the 
liquid. At this temperature, or one a little higher, it is not 
likely that any means of pressure, except j^erhaps one exceedingly 
great, would convei-t the gas into a liquid. Now the temperature 
of the carbonic acid bath in vacuo, viz., 166° Fah., low as it is, is 



Mr. Coleman o)i Liquefactioti <>/ Atmospheric A'i\ <£r. 233 

fyrobahly above the point of tempeiiitiire for hydrogen, and perhaps 
for nitrogen and oxygen." In the same paper Fai*aday makes the 
further i*emark : — " I am inclined to think that at about 90° 
Fah. the Cagniard de la Tour state conies on with carbonic acid." 

Since Fai-aday wrote these words Dr. Andrews, in a series of 
classical experiments, introduced the words "critical point or 
temperature," at which compression of a gas ceases to produce its 
liquefaction, and has moreover established experimentally the 
critical temperature of carbonic acid gas to be 31' Cent., or 
only 2"* different from the conjecture of Faraday. 

Now, the critical point of oxygen gas has only been determined 
within the last yeai* or two, Wroblewski making it minus 113" 
Cent., or minus 171° Fah., which Professor Dewar has recently 
shown at the Royal Institution to be attainable by the very same 
process as Faraday employed in his experiments on this gas (viz., 
evaporation of carbonic acid in vacuo), so that the liquefaction of 
oxygen has been delayed 40 years by the simple accident of 
Faraday's compression pumps not working so well >vith this gas 
as with other gases, and it was reserved for Fai^aday's successor 
to exhibit the experiment for the first time to the members of the 
Royal Institution last year. 

Within the last two or three yeara the critical temperatures of 
almost all gases, except that of hydrogen, have been accurately 
determined; and it will be observed by reference to the table which 
I have drawn up to illustrate this address that in the case of seven 
well known gases, viz., sulphurous acid, chlorine, ammonia, 
sulphuretted hydrogen, nitrous oxide, and ethylene, compression 
at ordinary atmospheric temperatures is sufficient to produce 
liquefaction, but in most cases the pressure required is very high, 
viz., from 50 to 100 atmos., or from 750 to 1,000 lbs. per square inch. 
By connecting iron bottles containing liquid carbonic acid and 
nitrous oxide with a Bourdon pressure gauge, I now demonstrate 
to you these facts. 

M. Cailletet and M. Raoul Pictet are generally credited with 
the discovery of the liquefaction of oxygen and hydrogen, by 
experiments conducted independently of each other, but about the 
same date, viz., 1877. Cailletet's apparatus consisted of a strong 
glass tube, with the closed end pointing upwards, into which, by 
hydraulic pressure, a confined volume of gas, sealed by mercury, 
was compressed, the tube sometimes being surrounded with a bath 
of some substance colder than the atmosphere. Cailletet, how- 
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ever, frequently trusted to the effect of the sudden expansion of 
the previously compressed gas for producing cold, so that he had 
to employ higher pressures than he would have required for con- 
densing the gas supposing the tube had been surrounded with 
something lower in temperature than the critical temperature of 
the particular gas he was expeiimenting with — thus he employed 
pressures of 300 atmospheres for liquefjong oxygen, whereas with 
a proper temperatmre 60 atmospheres has been found to suffice. 
Moreover, this apparatus only liquefies the gas as a mist, or at 
the best in very small quantities, and the whole apparatus, in 
point of fact, is very similar in principle to that of Dr. Andrews, 
but on a little larger scale, and with hydraulic pump instead of a 
screw. M. Raoul Pictet certainly succeeded in producing liquid 
oxygen in larger quantities, visible for a few seconds issuing 
out of a pipe when a cock communicating with the outer 
air was suddenly opened, but apparently being unaware of the 
critical temperature of oxygen, he employed quite as high temperar 
tures as Cailletet. 

The ix3cent rapid advance in our knowledge of these liquefied 
gases has been owing chiefly to the employment of liquid ethylene 
as a means of cooling compressed oxygen, nitrogen, hydrogen, and 
other gases. Ethylene is what the older chemists called defiant 
gas, and its boiling point in the liquid state is minus 102° Cent., 
or minus 152° Fah. In vacuo its boiling point is still lower — 
viz., minus 150** Cent, or minus 238° Fah. A tube surrounded 
with liquid ethylene boiling in vacuo becomes so cold as to liquefy 
atmospheric air, oxygen, nitrogen, &c., at very moderate pressures, 
so that to produce liquid ethylene in quan^ty is half-way to the 
attainment of these results. 

It has been already shown that the critical point of ethylene is 
above the freezing }X)int of water, so that liquefying this gas is 
merely a question of compressing it in tubes surrounded by ice 
to the pressure of, say, 750 lbs. per square inch. For this purpose 
a pump has been introduced by Cailletet and described in the 
Annales de Cheinie for 1883. It is said to be efficient for com- 
pression to high pressures, and worked by hand labour at 30 to 
37 revolutions per minute, will yield liquid nitrous oxide or 
ethylene, at the rate of 400 to 600 grammes per hour, equivalent 
to the ^th part of a gallon. 

As, however, any kind of pump working at such high pressures 
is difficult to manage and liable to mishaps, I venture to think 
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there could be no better plan than pumping the gas by a suitable 
pump into a coil of pipes externally cooled by a stream of cold air 
discharged from one of the machines devised ])y myself for techni- 
cal purposes, and now used in various parts of the world for 
freezing meat. Such machines are generally made to deliver 
continuous streams of air cooled to from 50"* to 80^* below zero 
Fah., at which temperatures, as will be seen by the table, ethylene 
liquefies at the reasonable pressure of 8 atmospheres, or 120 lbs. 
per square inch, and nitrous oxide and carbonic acid at the 
reasonable pressure of 4 atmospheres, or 60 lbs. per square inch. 
In the recent experiments of Professor M^Kendrick and myself 
upon the influence of cold upon vital phenomena, our cold air 
machines delivered air at minus SQ"" Cent, or minus 123'' Fah., 
which is sufficient to liquefy carbonic acid gas and nitrous oxide 
without any pressure above that of the atmosphere, and ethylene 
at the small pressure of 50 lbs. per square inch — the arrange- 
ments necessary being shown in the model before you, prepared 
for the International Inventions Exhibition shoi-tly to be opened. 

Being, then, supplied with liquid carbonic acid, nitrous oxide, 
or ethylene in quantity, extremely low temperatures can be 
attained, and it is by such means that the Russian observers, 
Wroblewski and Olzewski, have liquefied air and other gases in 
sufficient quantity to study their boiling points and other physical 
characteristics. As, however, boiling any liquified gas in vacuo 
is troublesome, and involves vacuum pumps in addition to com- 
pression pumps, liquid marsh gas is a very convenient substance 
to use, as its boiling point is lower than the boilmg point of 
ethylene in vacuo. 

Liquid marsh gas can be easily prepared by compressing it to 
50 atmospheres in tubes surrounded by cold air at minus 80° Cent. 
discharge from a cold-air machine. Its boiling point in the atmos- 
phere is, according to Wroblewski, minus 155° Cent, or minus 
247® Fah., and in vacuo is so low that it would probably liquefy 
oxygen without its compression. If a cold-air machine could be 
constructed for delivering the air cooled to below the critical 
temperature of oxygen (and I think that this is not impossible), 
then this gas could be liquefied by compressing it to the extent of 
100 atmospheres in a coil surrounded by such cold air. Such a 
process would be simple in principle, but the mechanical details 
more difficult than the method I have already described. 

I must now direct attention to the general results of research 
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as tabulated in tlie form prepared for this address, and, firstly, I 
must point out the extreme difficulty of measuring temperatures, 
below which not only mercury becomes solid, but all such sub- 
stances as alcohol, bisulphide of carbon, and ether, and which 
makes it necessary to use a perfect gas thermometer or, at any 
i-ate, a gas so far removed from its point of liquefaction that it 
l>ehaves as a j>erfect gas in expanding or contracting in the ratio 
of the absolute temperature. 

Now it appears from the researches of the Russian chemists, 
Wroblewski and Olzewski, that at the temperature at which air 
l)ecome8 liquid, hydrogen gas is unliquefied, even at the great 
pressure of 100 atmospheres, and, therefore, it is reliable* for 
measuring down to that point, which is only about 70^ Cent 
above absolute zero; and it is understood that one of the Russian 
chemists has employed such a thermometer, whilst the other 
observer has used a thermo pile — the published results corres- 
ponding fairly well. But our past president. Sir William Thomson, 
tells mo that it must not be hastily concluded that such electric 
measurements are so reliable as the employment of a good gas 
thermometer. You have on the table a form of gas thermometer 
devised by myself, which has been already described to the Society, 
but not exhibited until to-night. 

When liquefied gases are exposed freely to the atmosphere they 
evaporate at an enormous rate, which, however, is speedily checked 
and almost stopped by the largo quantity of heat carried off by 
the rising vapour, and which is necessary for its assumption of the 
gaseous state ; and the robbing of heat from the rest of the liquid 
keeps down its temperature, otherwise there would be no dealing 
with these substances when exposed to the air. It is otherwise, 
as we have already fi^ii^w^ if the liquetied gases are corked or sealed 
up and the bottles exposed to a normal atmospheric temperature. 
In the ca^e of liquified air or oxygen, vessels able to withstand 
3,000 lbs. to the square inch arc necessary for storage, and bottles 
containing them would require to be cooled to below the critical 
point, or the contents would be in the Cagniard de la Tour state. 
From an engineering point of view, however, the storage of such 
liquids is quite easy, especially in bundles of malleable-iron pipes 
connected with a common outlet. Thus the air of a large lecture- 
room, say of 20,000 cu>>ic feet capacity, when liquefied, would 
measure 150 or 200 gallons, and could be stored in 150 pipes of 10 
feet long. 2 inches diameter, and i-inch thickness of metal ; indeeil. 
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by the formula commonly used by engineei"s, the thickness of an 
iron boiler of 12 inches diameter, to contain the whole 200 gallons, 
would require to be about 3 inches of iron. 

I am not aware that the critical point of hydrogen has been 
experimentally determined, but one of our members, Prof. E. J. 
Mills, calculates that from theoretical considerations it would be 
about minus 215" Cent. Pictet maintains that he has solidified it 
in metallic particles, but this has not been confirmed. It appears, 
therefore, that before long eveiy known substance on the face of 
the earth will be solidified in the laboratory of the chemist, and 
one cannot help being struck, in looking over the table I have 
referred to, how as temperature decreases solidity gi*adually over- 
takes the most active chemical agents, rendering them for all 
practical purposes inert as so many pieces of stone. Indeed, the 
tendency to inertness manifests itself before solidification, for 
liquid carbonic acid, according to Gore, is unable to redden litmus, 
and is a compai-atively inactive substance. It must not, however, 
be concluded that all affinities are dormant; for instance, may not 
oxygen and hydrogen, as we know them, be dissociated water, 
and may not their union into ice be determined by the continued 
abstraction of heat? Against such an hypothesis, however, is the 
fact that liquefied atmospheric aii* has proved to bo a mechanical 
mixture, and not any form of oxide of nitrogen. 

The facility with which alcohol freezes in all its forms is very 
interesting, and I may also mention that at about 86"* Cent, 
animal flesh, such as mutton, becomes so exceedingly hard that it 
rings like percelain when struck with an iron instrument ; indeed, 
it is crushed by the blow of a hammer into powder in which muscle, 
fat, and bone are intermingled ; and, what is still more singular, 
according to the experiments of Professor M^Kendrick and myself, 
already referred to, it appears that microbes alive in the flesh 
before freezing can be detected still alive after thawing, even after 
exposure to minus 86' Cent., or minus 123° Fah. for 100 hours, — 
thus pointing out to potential animal life in the solid state capable 
of being brought into activity by heat and moisture, just as a dry 
pea starts into activity by the moisture of the soil and by the heat 
of the sun. 

Passing now from the consideration of low temperatures, I have 
to direct your attention to certain phenomena which are invariably 
associated with high temperature, and more particularly to the 
phenomena of artificial light. 
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In these days of dynamos it appears on the fsjo^ of the subject 
that artificial light produced by electricity is entirely a mechanical 
operation ; but sucli is not the case. So long as coal or gas is 
burned to drive the steam-engine which actuates the dynamos, 
the process in its origin is chemical, and it will not be otherwise 
until the electrician confines himself to getting energy from the 
fall of water, or the motion of the tides or the wind. As a rule, 
he will probably have to look to chemical action for the origin of 
his power, in wliich case a galvanic battery or a dynamo may be 
defined as a piece of apparatus by which the heat produced by a 
chemical action, instead of being developed in the battery itself, 
is developed a long way off — tho process and the resultant being 
connected together by a wire. 

Although the production of artificial light is not altogether a 
question of quantity of heat, but rather of due incandescence of 
solid particles at a high temperature — still there can bo no 
question that it is more economical to burn a substance in the 
immediate vicinity where heat is required than to have the 
chemical action at a distance, which involves loss of energy in 
transit Lighting by electricity will, however, always have this 
great advantage, namely, that the apartments being lighted are 
not contaminated with the products of combustion, such as 
carbonic acid and sulphurous acid, which vitiate the air of 
apartments where gas is being used. 

The cost of electric bghting has been ably dealt with in a lecture 
delivered to the Society of Arts, September 12, 1884, by Mr. J. 
Probert The statements therein made have been assumed as 
coiTCct by such authorities as the Editor of Engineering, and are 
to this effect, namely, that 100 incandescent lamps of f -ampere 
each require 100-volt electro-motive force and 12 J horse-power, 
01' 56i lbs. coal burned per hour under a boiler. Assuming that 
the lights are used five hours daily, and taking into account interest 
and working expenses, the costs amounts to 8s. per day for the 
100 lamps. Mr. Probert then calculates the cost per day of a 
galvanic-battery for effecting the same object, which he makes out 
to be 40s. per day, involving the use of 

85 lbs. Zinc per day, ... £0 13 3 J 
17i lbs. Sulphuric Acid, ... 5 11 
Depolarizing Chemicals, ... 118 



Total, £2 OlOfperday. 
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Thiis it will be seen that the cost of the electric current by burn- 
ing zinc in a battery, instead of coal under a boiler, is five times as 
great. Recently, two Italians, Messrs. Bartoli and Paposogli, are 
said to have invented cells in which gas carbon or charcoal is 
oxidized by using a solution of sodium hypochlorite, and that 
the electro-motive force of the cells varied from 0*4 to 0*5 of a 
Daniell cell — the oxidation products being mellic acid and other 
benzene-carboxyllic acids. The cost of the chemicals and the 
want of a ready market for the products of oxidation will, how- 
ever, probably prevent such processes being commercially useful on 
the large scale. 

It seems very singular to me that more attention has not been 
bestowed upon the utilization of iron as the substance to be burned 
in the battery, seeing that the oxidation of iron, according to the 
researches of Andrews and Favre and Silbemian, develops two- 
thirds or three-fourths as much heat, weight for weight, as zinc. 
The exact figures are these, 677 as against 847, supposing the 
iron is used to precipitate copper sulphate solution instead of 
zina Iron has been frequently used as the electro-negative 
element of a battery, especially when in the passive state by contact 
with concentrated nitric acid. Probably the objection to its use 
as an electro-positive element has arisen from the earlier experi- 
ments finding local action uncontrollable, which in the case of 
zinc could be obviated by the expedient of amalgamation. I 
have recently made some experiments in this direction. In point 
of fact, I have constructed a sulphate of copper cell in which the 
copper is used in contact with sulphate of copper, as is customaiy 
in DanielFs cell, but the zinc is replaced with iron used in contact 
with ferrous sulphate. I find that three of such cells connected 
in series decompose water, so that the electro-motive force is pro- 
bably what theory indicates, about § that of a Daniell cell. 
Moreover, such a form of battery gives what the practical chemist 
dearly loves, viz., a chemical cycle easily worked, and restoring 
the materials to their original state. The solution of sulphate of 
iron produced by the working of the battery on evapoi*ation and 
distillation yields sulphuric acid and peroxide of iron, the former 
ready to be combined again with the deposited copper, and the 
latter ready for the blast furnace to be reconverted into metallic 
iron. For the prevention of local actions, I find that a form of 
battery similar to the Medinger or Sir William Thomson battery 
answei-s, with some impoi^tant practical alterations of detail, and 



240 Philosophical Society of Glaagoto. 

this battery, requiring no porous cells, can be made of any size 
desirable. 

A saturated solution of sulphate of copper contains \ of its 
weight of the salt, and it floats upon a saturated solution of 
sulphate iron, which contsJns only about J of its weight of the 
salt, so that if the sulphate of iron is drawn ofl* in the saturated 
state, the copper plate requu-es to be at the top and the iron at 
the bottom of the battery cell. If, however, the saturated solu- 
tion of sulphate copper be divided into two portions, and the 
copi^er of one portion be replaced by iron, then it will be found 
that the iron solution floats upon the sulphate of copper solution, 
the line of demarcation between the two being distinct, and 
remaining so for weeks without any sepai-ating diaphragm. Con- 
sequently, a manageable and constant cell is easily constructed by 
a copper plate being put at the bottom of the cells in the solution 
of sulphate of copper, and an iron plate above in the solution of 
sulphate of iron (protected from the atmosphei*e by a layer of 
mineral oil), saturated solution of sulphate copper being continu- 
ously supplied by a tube to the bottom of the tank, and the 
solution of sulphate of iron being continuously drawn from the 
top of the tank. I have had three such cells connected together 
working side by side, with two exactly similar cells constructed 
with copper and zinc in solution of sulphate of zinc. They have 
remained constant eight days, and the iron an*angement yields in 
a decomposing cell of sulphate copper outside the battery J of 
the copper yielded by the zinc aiTaugement for equal quantities 
of electricity. The iron battery will, therefore, require plates of 
twice the size of the zinc battery, but on the other hand, it is 
only \ the price of zinc. There should be no cost in working 
this battery beyond that incidental to the removal of the products, 
their boiling down and distillation or reduction by coal, and their 
return to the i)lace from whence they came, and the cost of the 
current should approximate closely to what Mr. Probert says is 
the cost of lighting by the dynamo. It is obvious, also, that 
torrents of electricity could be evolved from the iron used in pre- 
cipitating copper by Henderson's wet process if the tanks be 
aiTanged in a similar way. 

Before passing from this subject, I may mention that I have 
obtained powerful currents by dipping plates of iron and copper 
into a solution of common salt mixed with chloride of lime. 

Although gas lighting has long been with us a settled institu- 
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tion, it does not follow that the only competitor it will have to 
contend with is the electric light; for, notwithstanding the predic- 
tions to the contrary, oil wells are not becoming exhausted, but 
on the contrary, vast tracts of country^ especially in the south of 
Russia, abound in inflammable liquid products which are 
apparently inexhaustible. All of these liquids when burnt in 
lamps smoke terribly — the evil being got over by the employment 
of long glass chimneys, which, however, only effect the object 
when the oil to be burnt is light in specific gi-avity, and therefore 
but a small percentage of the crude oil. I am about to show you 
an experiment by which all these oils can l)e burnt without the 
production of smoke, and without the aid of glass chimneys, the 
arrangement consisting of a concentric wick of asbestos around the 
outside, and into the centre of which a current of compressed air 
is made to flow upwards. 

These expeiiments are brought forward as an illustration of 
a principle, for I am not a lamp maker; but it is easy to 
conceive that lamps can be constructed on any scale of magni- 
tude, and continued in a circular form like the sunlight burner 
used for gas, and that a town or community could be supplied 
with compressed air in place of gas. Of course such an arrange- 
ment would prevent a good deal of unpleasant smell in our 
streetH, and perhaps please Dr. B. W. Richardson when the plans 
for the city of Utopia came to be drawn out, though whether Sir 
Frederick Bramwell would be gratified I am not quite sure, as he 
has recently told the public that gas engines will, in all probability, 
eventually supersede steam engines. As a practical fact, it may, 
however, be mentioned that a company is, or was, before the 
public for supplying the town of Birmingham with compressed 
air for working the numerous small engines of that community in 
place of steam — an Act of Parliament having l)een obtained, and 
the consulting engineer being one of the best practical engineers 
in the kingdom. 

Connected with the subject of high temperature, I will briefly 
refer to the death of Sidney Gilchiist Thomas, who has passed 
away at the early age of 35, worn out with the toil of superin- 
tending the vast developments of the inventions of himself and 
bis cousin, P. C. Gilchrist. These two young chemists, in six 
years, have revolutionized the iron manufacture of various districts 
in England, and of France, Germany, Austria, Russia, and Belgium. 

Vol. XVI. q 
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The basic process invented by them is a pure product of the 
chemical laboratory, and has accomplished the abstraction of phos- 
phorous from Cleveland and other low- class irons, a problem which 
had for many years baffled the most strenuous efibrt-s of Lowthian 
Bell, Siemens, Bessemer, and others. 

I hope the few facts I have brought befoiH^ you this evening 
have demonstrated the wide range of chemical science, how it 
underlies so many other sciences and arts. 

Organic chemistry of late years has chiefly occupied the atten- 
tion of chemists, but physical chemistry is now receiving more 
attention, and should not be neglected. We all know Faraday as 
a great electrician and physicist ; but he was previous to that a 
great chemist, and remained a Professor of Chemistry to the end 
of his life. And we all know James Watt to have been a great 
engineer ; but he was also, in his early days, a great chemist, and 
divides with Cavendish the honour of the discovery of the chemical 
composition of water. 
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XVL — Address to the Architectural Section. By James Sellars, 

LA., President of the Section. 



[Read 17th Noyember, 1884.] 



Gentlemen, 

When I had the pleasure of addressing you from this 
chair last year, one of the questions which interests us specially 
was attracting a great deal of public attention. The daily press 
contained harrowing accounts of the circumstances under which 
the poorest class manage to exist, that is, so far as their habitations 
are concerned. All grades of Society, from the highest to the 
lowest, were discussing the subject, and, as you know, the result 
of the agitation was the appointment of a Royal Commission to 
enquire into the condition of the dwellings of the poor. The 
Commission has been at work for months past, but up to this date 
no report has been issued. I trust their deliberations will have 
a practical result. The subject is one which cannot be shelved, 
and yet it is surrounded with difficulties on all sides. The veiy 
people who have most need of better houses are, generally 
speaking, the class who can least afford to pay for them, and 
who, from their personal habits, even if they coidd afford to pay 
for them, would soon make any house they occupied foul and 
unwholesome. Indeed, when we consider the ^wverty-stricken 
condition of the very lowest stratum of society, and their physical 
and moi-al depravity, it seems impossible to provide better and 
cleaner houses at a rent which they can afford to pay, and useless 
to provide them at any rent, until they are better and cleaner 
themselves. The model houses which have been erected in 
London, and elsewhere, are neither suitable for, nor indeed 
intended for, the very poor. The rents are necessarily beyond 
their means, and it would be precisely the same in Glasgow, or 
any large city where ground is valuable. 

Is it coming to a time when state or municipal aid will have to 
be given to enable the kind of houses required to be built? 
houses for the residuum of society. I think it may come to that 
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State or municipal aid to build the houses accompanied bj super- 
vision over the habits of the occupants. The foul hovels in which 
many of this class live arc a public nuisance, and should be dealt 
with accordingly. We do not permit a manufacturer to carry on 
his work in a town, if it is hurtful to the health of the inhabitants. 
The factory would be dealt with as a public nuisance. Why, then, 
should houses saturated with dirt and tilth, the inhabitants of 
which must be in no better condition than their houses, not be dealt 
with as a public nuisance too, and removed, the owner receiving 
reasonable compensation for any loss which it could be shown he 
had sustained ? The unhealthy results of the objectionable factory, 
even if it were in the heart of the city, would be mainly confined 
to its own locality; but the foul dwelling has many channels 
through which its disease-producing power may be transmitted. 
It may come to you in the neatly-tied parcel from your tailor, 
your fashionably-cut coat having been sewed together in a fever 
den. Your washerwomen may come from some such place, to 
handle your linen, and rub shoulders with domestics inside your 
own house. The message boys who bring your fresh milk and 
hot rolls in the morning, may have emerged from some foul 
haunt an hour before. You cannot avoid coming in contact with 
the inhabitants of these places, in some way or another, every 
day of your lives. 

Therefore it may be that to buy up and sweep off the face of 
the earth all erections of the kind I am referring to, and replace 
them by healthy houses, in which the inhabitants, if they wished 
to be clean, might be so, would be a profitable investment for the 
tax-payers, or at least it would be well-spent money. 

If they did not wish to be clean, but chose to make public 
nuisances of themselves, so to speak, then why not compel them to 
be clean — if that is possible? I do not see any reason, except the 
financial one, why large groups of buildings, which I will call 
bari-acks, for want of a better name, should not be erected in 
certain districts, in which the houses would be built of the most 
indestructible materials, for that is essential, and arranged on the 
best sanitar}' principles, with suitable baths and wash-houses 
attached to each group, and which would be under constant super- 
vision and inspection, in order to compel attention to sanitary 
rules. 

This would come very near what has hitheiiio been considered 
an imjiossibility — viz., compelling people to be clean by Act of 
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Parliament, and it is not unlikely to be considered revolutionary — 
an oati*age on the rights and privileges of a free people. But 
virulent diseases require strong remedial measures, and, after all, 
it would only differ in degree from what our Authorities do at 
present They restrict, and very properly restrict, the number of 
persons who may occupy the rooms in small houses, and in a 
variety of ways regulate and inspect the arrangements of dwelling- 
hoxises and their adjuncts, and the idea which I have ventured to 
bring before you is only caiTying the principle already acted upon 
a little further. 

It would mean the bringing together of all houses of this class, 
and that is not free from objection in some views; on the other 
hand it would make regular inspection — not greatly more stringent 
than it is at present, and certainly not more so than the necessities 
of the case demand — more easy of accomplishment This, or some 
other more practical scheme, it may be, will have to be adopted 
if the great social problem is to be solved. 

There is no kind of reform more urgently called for than reform 
in the character of the dwellings of the poor. Social reformers 
of all types — temperance, and even evangelistic workers — might 
well, ill the best interests of their s])ecial missions, join in this 
refoim, and help its accomplishment in the first place. With 
cleanly habits and home comfort, and the improvement, moral, 
mental, and physical, which would be sure to follow, the class 
whose wants we are considering would be in a better frame of 
mind to receive religious instruction, and have less reason to 
frequent the public house, their present refuge from home discom- 
fort and miseiy. 

As regards the financial aspect of the question, I have already 
indicated that I do not think houses of the kind required could be 
built to pay, in Glasgow, and some money sacrifice would have, to 
be made in the first instance; but is it unreasonable to hope that in 
the improved health of the whole community, for I claim that it 
would mean tliat, and the reduced taxation for the repression of 
crime which might be expected to follow the rooting-out of the 
foul haunts of the lowest class, there would be a return for the 
capital invested. 

Turning now to other questions of interest to us here, questions, 
however, more local in chamcter than the one just referred to. 
I will fii-st ask your attention to the subjects recently brought 
prominently b(^forr the |)ublic by Lord Dean of Guild M*Ewen, 
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viz., the condition of house drainage in the city, and the question 
of exits from public buildings. His Lordship pointed out that 
many of our public buildings are in a very unsatisfactory condition 
in respect of exits, and his opinion has only too soon received a 
fearful veritication in the appalling catastrophe at the Star Theatre 
two weeks ago. 

I suppose that such calamities would be i>ossible, and even 
likely, in any building, however well ari*anged, if tilled with a 
highly-excited and half-maddened crowd — each individual un- 
reasoning, and caring only for his or her personal safety; but it 
is imperative that everything which experience and skill can 
suggest should be done to reduce the chances of such accidents 
to a minimum, and wo mav be assured that this accident will 
give an impetus, if it was needed, to the action of the Committee 
of the Town Council appointed to deal with the matter. 

In considering the powers of the authorities in connection with 
these and other subjects to which I may refer to-night, I will 
briefly consider the powers (that is, luj I intei-pret or understand 
them) vested in the authorities uud(;r the present Police Act, 
those sought to be obtained by the proj^osed new Police Bill, and 
those provided in the Burgh Police and Health (Scotland) Bill 
introduced to Parliament during last session. It was not pro- 
ceeded with ; Init it is to be again introduced, the Lord Advocate 
tells us, when legislation resumes its normal condition, and as it 
was the means of preventing our new local Bill, which had been 
prepared under the able direction of ex-Provost L"re, being lodged 
in Parliament, it will be of some interest for us to see in what 
respects it dift'ei*s from our own Bill — in what way it is better or 
worse. 

The iipplicatioii of i\\v Lurd Advocate s Bill is not compulsory 
in burghs having local Acts as we have, or rather, T should say, 
parts 11., IV., and V[. are not compulsory. Part IV., ** Police 
administrati(;n,'' includes all the matters, however, with which 
wo ha\(' any concern, .^ucli as l);iildin«>: regulations, drainage, 
ventilation, laying out streets, c^rc. i>nt while it i.^ not comjiulsorv 
for us to adopt part IV., it appears to me that the chances of our 
obtaining a special Act for (Glasgow, after the passing of this Bill, 
would be greatly minimised. Edinburgh, Dundee, Greenock, and 
I think Aberdeen, have all got new Acts for themselves very 
recently, and no doubt it will be quite satisfactory to them to 
retain them, while the present Glasgow Act is 18 years old; and 
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the new Bill prepared by the authorities contained all the improve- 
ments which experience showed to be necessary, and was on the 
very threshold of success, I have no doubt, wlien the way was 
practically blocked by the General Police Bill. 

In regard to this question of exits from public buildings, the 
powers at present possessed by the authorities appear to be very 
limited. There is a single clause providing that when plans of 
hotels, theatres, or other buildings intended for holding large 
numbers of persons pass the Dean of Guild Ck)urt, the doors and 
passages must be shown to be so arrangeil that they will admit of 
safe and easy and quick entrance and exit. 

The proposed new Glasgow Bill contained a similar, indeed an 
identical clause. The General Police Bill contains a clause of 
similar import, but with this very important addition, that the 
means of entrance and exit shall be appi*oved by the Commissioners 
from time to time as they may deem necessary; and further, 
existing buildings used, or proposed to be used, as places of public 
entertainment, or for holding large numbers of pei'sons for any 
purpose whatever, sliall be inspected, and, if found unsatisfactory, 
then they must be altered to the satisfaction of the Commissioners. 
These latter provisions are better than we have at present in 
Glasgow, or proposed to have, in respect that they provide, not only 
for the access and exits being suificient and properly planned to 
b^in with, but also for inspection and supervision after they are in 
use. Theatres in Glasgow have to be licensed year by year, and 
the means of exit, J:c., are annually inspected, but that does not, I 
think, apply to music halls or other halls, although it is hardly less 
necessary in the one case than in the other. I do not think that 
even the clause in the General Police Bill goes far enough, however. 
There are certain things which can be ascertained and fixed, such 
as the proper width of doors, and that should certainly be done. 
Mr. Whyte, our able Assistant Master of Works, gives it as his 
opinion that every public building should have the doors of such 
width that there would be one foot of exit space for everv seventv 
})ersons the building can accommodate. Further, the widths antl 
kind of staii-s, if any, should be tixed and described. The stairs to be 
of no less width than the dooi*s, and having no square comers on the 
landings.' The gi-adient of the stair might also be fixed at not 
steeper than, say 1 in 2, and that sepai-ate egress, direct to the 
street, should be proWded for each floor or gallery in the building 
wherever possible, or at least, and this ought to be impei*ative, in 
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no case should it be possible for two streams of people to cross each 
others path in a stair or passage; and where a stair is used for 
several floors then it should be increased in width at each floor in 
proportion to the additional number of pei'sons who used it from 
that point Consideration should also be given to the position of 
the doors in a hall. If they can only be at one end of the hall, they 
should be wider than the same number of doors distributed over 
the hall. 

In connection with stairs, I would suggest that if it is necessary, 
as I believe it is, to put gates or moveable barriers across them, 
and the same applies to passages, for the I'egulation of crowds 
entering a building, then it would be very desirable that there 
should be separate stairs for exit only, or a pei-son appointed by 
tlie authorities to see that these gates or barriers were opened or 
removed immediately after the entertainment began; and it might 
be the duty of the same official or oflicials to see that all the exit 
dooi*s were opened for use at the end of the entertainment, and so 
fastened duiing the entertainment as to be ready to open outtcards 
under the slightest pressure. 

So far as I know, the Glasgow Authorities have no power to 
interfere with internal alterations of buildings, except in the case 
of dwelling-houses after they are in use. Therefore, they may 
approve of plans of public buildings showing perfect arrangements 
of staiiii and passages, and ample exits, but which stall's and 
passages are in practice so mismanaged and obstructed by gates 
or barriers not shown on the plan, and which exit doors are never 
oi>en or openable when the crisis comes, that the best skill and 
experience they can biing to bear on the matter is futile, withoiit the 
power to see that the wide passages are not reduced in width by 
barriers or gates, and that tlie exit dooi-s provided by the plan and 
made in the building are used. Every exit door in any hall 
should be oi)ened on all occasions when the hall is in use, no 
matter whether the occasion demands it or not, but simply to 
accustom the frequeutei-s of the hall to the position of the doors, 
and to make sure that they are always openable, that their hinges 
and appliances are kept in working order, so that when the crisis 
comes, as it may come any day, they will not be found rusted or 
jammed up from disuse. I have no doubt all such matters will 
now get tlue attention from the authonties, and that recent 
experiences li(;re and elsewhere will lead them to obtain tlie 
necessary legal powers, if they have not got them already, to 



Mr. Sellars' Addt-^^ to thr Ar>:hit^cttArnl S^^ction. 251 

ocMnpel the owners of theatres or haii^ not only to provide 
satisfactory arrangement, to begin with, ba* to keep them in 
working order, and thus secure in the hi^iest degree the safety of 
the public in all possible circumstances. 

As regards the other, and certainly not less important question, 
dealt with by the Lord Dean of Guild— viz.: — ^The dndnage of 
dwelling houses — something has already been done, towards their 
general improvement, though not by Act of Parliament. 

The drain-testing, carried on by the sanitary department, and 
the Glasgow Sanitary Protection Association (the operations of 
the former being of course confined within the Municipal Boun- 
daries, and the work of the laaer being within and without the 
city), revealed a condition of things which is nothing less than 
i^palling. Out of hundreds of house-drainage systems examined, 
a very trifling proportion — less than 5 per cent, I think — were 
pronounced entirely satisfactory. 

It does not of course follow that the other D5 j>er cent., 
assuming that to be the proportion, were necessarily dangerous to 
health, because the imperfection, in many cases, might be slight 
and unimportant, and the test applied is a ver}- severe one, the 
smoke being driven through the pipe under considerable pressure. 
Yet I have no doubt that it is a fair statement to make, that at 
least 50 per cent of all the houses examined were in a condition, 
as to drainage, prejudicial to health. Now, when you consider 
that, as far as tlie work of the Sanitary Association is concerneil 
at least, the tests were applied to houses of the better class, 
generally erected under some kind of super\'ision, it is a fair 
conclusion to assume that the condition of thousands of the common 
blocks of tenements, very frequently erected without any kind of 
supervision, must be in a much worse condition. 

It is not to be forgotten, of course, that many of the houses 
inspected were old houses, some of them erected before drain pipes 
were invented, for that is not so very long ago. Indectl, I am 
informed that some of the stately terraces in the West-end, com 
manding magnificent views of the valleys of the Clyde and the 
Kelvin, had onlv the old-fashioned built drains when thcv wei*o 
first erected ; and it must be within the knowledge of many pro- 
sent, as it is within my own very recent experience, to find that 
very unsatisfactory and antiquated fonii of drain still existing in 
otherwise excellent houses in first-rate localities. Any sort of test 
"applied to drains of that kind, however well made at first, Imtlefi 
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to take care of themselves since the time they were constructed, 
could not have any other than an unsatisfactory result. In this 
connection, I may observe that the very best and most scientifically- 
arranged systems of dminage will not last for ever, under the most 
favourable conditions possible, and therefore they ought to be 
periodically tested. 

In those days, 30 or 40 years ago, when built drains were 
common, and pipe drains were just beginning to \ye introduced, 
sanitation as a science was but little understood by the many. 
Get rid of the nastiness in any way was the principle acted on ; 
get lid of it, cover it up, conceal the means of carrying it ofl^ 
do anything, but don't let us see it. The ostiich burying its head 
in the sand, and thinking itself secure from danger, is not more 
absurd. Indeed, it is so far a parallel case. Bury the drains, 
no matter how; don't let me see my enemy, and there is no 
danger — fatal mistake both for the ostrich and the house-builder 
of the period. The parallel is not quite complete, however, in 
respect that while the ostrich suffers itself for its folly, other 
people suffer from the deadly results of the house-builder's folly. 

No drains at all is better than that condition of things, and yet 
I do not know that it is altogether obsolete even in Glasgow, and 
ceiiiainly not in some of the smaller Imrghs and populous places, 
say some of the fashionable health resorts on the Clyde. A 
thatched hut on an Arran hill-side, with sanitary arrangements of 
the most primitive kind, or none at all, is better than the more 
pretentious villa at ** Sea- view," where modem civilisation has 
demanded the introduction of sanitary appliances, but which, 
from the want of any kind of control over the builder, are nothing 
else than a malaiTangement of pipes, contrived in the best way 
for breeding disease in the houses ; and we know from recent 
expeiience, and from recent drain-testing, that many of our oldest, 
and some of our new West-end houses, are no better. Many of 
these houses, it is not too much to say, have masses of filth, the 
accumulation of yeai*s in some cases, under their carpeted floors, 
not less disgusting in its nature than the contents of the foulest 
midden in the more humble quai-ters of the town, and much more 
deadly, bccausci it is unsuspected. 

The vapoura of the midden have some chance of being diluted 
by the free air, but the vapours from the foul accumulations under 
the dining-room floor are led directly into the houses in the purest 
undiluted impurity. 
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We will now see how far our authorities have iK)wer to prevent 
such a state of matters being continued, in the erection of new 
houses, and to what extent they can interfere with it in existing 
buildings. In the present Police Act there does not appear to be any 
clause, apart from public sewers, dealing with house drainage — that 
is, while it provides that the connection with the main drain in the 
street is to be properly made, the control seems to end there. 

In the proix)sed new Bill, however, very ample provisions are 
made, and the same may be said of the new Burgh Police and 
Health (Scotland) Bill. 

In the new Glasgow Bill, Clause 372 provides (I merely give 
the gist of the clauses, to quote them in full would occupy too 
much time) that all drains, soil pipes, and cesspools, shall be 
sufficiently constructed and ventilated; that the drains shall be 
of glazed stoneware pipes, jointed with cement; that drains passing 
under a building shall be laid on a bed of concrete ; that the whole 
drainage work shall be constructed at such time, and in such 
position, and of such size and form, as may be approved by the 
Master of Works. Further, that all drains, cesspools, and soil 
pipes, in every house shall be ventilated by special pipes or shafts, 
and all inlets to drains shall be trapped — the whole work to be to 
the satisfaction of the Master of Works. 

Clause 373 of the Bill provides that the surface soil under all 
dwelling-houses, to the depth of the foundations, within the walls, 
will be dug out and removed, and where the surface soil is artificial, 
that is, from the filling up of old quarries, or any natural hollow 
or otherwise, with rubbish, then the whole surface underneath, and 
within the area of the walls, shall be covered with a layer of 
concrete or asphalte, not less than 6 in. thick. 

These are very satisfiEu;tory clauses, and their application would 
go far to prevent, if it did not at once put an end to, the evils 
complained of in new buildings. 

As regards existing buildings, it is provided in clause 272 of 
the Bill that the Sanitary Inspector, when he has reasonable 
grounds for believing that the drains connected with any house 
are defective, may, after giving notice, apply the smoke or other 
test, and the proprietor will be liable in a penalty if he refuses to 
allow the test to be made. 

The clause does not provide, however, for what is to be done in 
the event of the drains being found unsatisfactory, and to that 
extent it seems to me to be incomplete. 
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The Lord Advocate's Bill provides clauses, as to drainage of ne\i' 
buildings, sirailiar in their import to those in the new Glasgow 
Bill, but of course thej are necessarily more adapted for general 
application ; and it has a corresponding clause in regard to building 
on sites which have been made up. If the filling-up has been 
with material impregnated with foecal matter, and in that case only 
I infer, houses are not to be built unless the Sanitary Inspector 
or Surveyor is satisfied that proper precautions have been taken. 

As regards existing systems of drainage, they are to be kept in 
good order by the owners. All branch drains, as well within as 
without the building, are to be under the survey or control of the 
Commissioners, and shaU be reconstructed or altered and kept in 
proper order at the cost of the owner. 

On the whole, I think that the clauses in the new Glasgow Bill, 
in regard to di'ainage of new houses, are better for Glasgow than 
those in the Burgh Police and Health (Scotland) Bill, and especially 
so, that they are more definite in describing the manner in which 
drains are to be laid and ventilated, and less is left to the opinion 
of the Commissioners or Dean of Guild Court for the time being. 
For instance, in the latter Bill drains are to be ventilated only '* if 
required by the Commissioners." In respect, however, of super- 
vision and control over drainage systems, after they are in use, the 
latter Bill seems to meet the necessities of the case better, and 
would confer the powers which I think are urgently required. 

The clauses in the proposed Glasgow Bill providing for the 
drains being laid on a solid bed, and for covering over all made-up 
ground with concrete, whether the infilling is in itself objectionable 
or not, arc specially valuable. An engine or other piece of 
machinery . might be the most perfect specimen of ^workmanship, 
a wonder of mechanical skill, its every joint and bearing fitted 
with mathematical precision, but if that machine is laid on 
a foundation or seat which from some circumstance becomes 
uneven, the perfected and completed work is changed into a 
useless mass of material. It is precisely the same with a 
system of drainage. It too may be i)erfectly designed and made, 
its every length of pipe laid with a proper gradient, and 
every junction air and water tight ; but in Glasgow where there 
is so much made-up ground, and ground naturally soft, and where 
the slightest *' sif or settlement of the building may throw the 
whole drainage arrangements out of gear, so to speak, it is of the 
utmost consequence, that the foundation or bed on which the 
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In order to illustrate more rpadiiy the eftect of the variona 
daiiBee, I have prepared the above diagrams. Diagram Na I 
shows what may be done under the present Police Act ; diftgram 
Na 2, under the proposed new Local Bill ; and diagram So. 3, 
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under the Burgh Police and Health (Scotland) Bill. I have 
assumed in each case the ordinary width of a street and the 
average width of a tenement in Glasgow — 60 feet for the street 
and 40 feet for the tenement — because I am considering the 
application of the iniles in Glasgow. Diagram No. 1 shows the 
buildings 60 feet high, that is, equal to the width of the street, 
and the space behind or between the backs of the tenements, 45 
feet; diagram No. 2 shows the buildings 45 feet high, that is, 
equal to three-fourths the width of the street, and the space behind 
or between the backs of the tenements is 67 feet 6 inches; Diagram 
No. 3 shows the buildings 75 feet high, that is, equal to one and a 
quarter times the width of the street, and the space behind or 
between the backs of the tenement, 60 feet. 

You will obsen'e that the arrangement of blocks of buildings 
known as hollow squares is impossible either imder the provisions 
of the new Glasgow Bill, or the Burgh Police and Health (Scotland) 
Bill, the latter being the best in this respect, as the houses cannot 
be returned in the side streets, while in the new Glasgow Bill, 
as I read it, they may be returned, provided a lane 12 feet wide is 
left between the return blocks. The latter provision, however, 
may be desirable in a large town where gi'ound is valuable, and, 
the free passage of air between the backs of the houses is probably 
sufficiently secured by the open lane. 

The height to which buildings may be erected in a 60-feet street 
under the provisions of the Burgh Police and Health (Scotland) 
Bill appears to me to be greatly in excess of the height which 
would be desirable in Glasgow, or in any large town; and further, 
in my view, the principle on which the free space behind build- 
ings is fixed in this Bill is altogether wrong. It is to have no 
relation to the height of the building. It is to be "equal at 
least to 3-4ths the area to be occupied by the intended building." 
I have assumed in all the diagrams that the buildings are 40 
feet wide-^and that is probably the maximum width of tenements 
of dwelling-houses of the ordinary class — so that diagram No. 3 
shows the application of the provisions of this Bill under the most 
favourable conditions. Suppose the tenements were workmen's 
houses, planned on what is known as the gangway system; the 
building would probably not exceed 30 feet in width. They could 
still be as high in a 60 feet street, but the free space might then be 
reduced to 45 feet. Tlie dotted lines on diagram No. 3 show the 
relative position of the buildings if they were only 30 feet wide. 
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Under the provisions of the pi'esent Glasgow Police Act and the 
new Glasgow Bill, the free space is regulated by the height of the 
building, no matter what its width may be, and that appears to me 
to be the right principal. 

While I think the diagram No. 3 shows the application of the 
clauses in a very favourable view, everything depends on the width 
of the street. Suppose the street were only 36 feet wide, which 
is the minimum width under the Lord Advocate's Bill, that would 
give a building 46 feet high (too high in my view for the width of 
the street), but the buildings might occupy as much area as in 
the case illustrated by the diagram, and in that event the free 
space at the back would probably be suificient. Nobody in 
Glasgow would think of making a street 36 feet wide, just as it is 
probable no one would erect a tenement 75 feet high, in the 
ordinary Glasgow street 60 feet wide ; but then, if I interpret the 
clauses of the Bill aright, they may do so, and that satisfies me 
that in this respect the proposed new Glasgow Bill would be the 
best for Glasgow. 

It is right to keep in view that the Burgh Police and Health 
(Scotland) Bill is framed for application all over Scotland, and 
that while, in my opinion, this part of it is quite inapplicable to 
Glasgow, it is an excellent Bill for general purposes, for application 
to smaller boroughs where there is no temptation or need to erect 
buildings of extreme height, in order to recoup the builders for the 
price of the ground. 

As regards buildings which may be erected in the courts 
adjoining dwelling-houses, the new Glasgow Bill provides that no 
building, except an ashpit, privy, washing-house, or coal cellar, 
shall be erected, and it is not to exceed 12 feet in height, including 
the roof. The new Burgh Bill contains similiar provisions as to 
the kind of buildings which may be erected, but in regard to the 
important question of the height of such buildings, their position, 
and dimensions, they are to be subject to the consent and approval 
of the Commissioners. 

I am aware that, in approving of the provisions of the Glasgow 
Police Bill in regard to heights of buildings and free spaces, I am out 
of sympathy with many friends for whose opinion I have the very 
highest respect; and I am also aware that it is the opinion of many 
well able to judge that buildings adapted for the dwellings of the 
very poor could not be erected in Glasgow cheap enough under 
the restrictions sought to be imposed. I concur in that opinion, 
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and in order to meet the difficulty the restrictions would have to 
be relaxed in certain districts and under certain conditions of 
planning and arrangement of the blocks of houses. Yet in a citj 
crowded with public works of a kind not always agreeable, a city 
frequently enveloped in a smoke-laden atmosphere, wide streets, 
buildings of moderate height, with wide well ventilated free spaces 
behind them, are very desirable, and for general application in 
Glasgow, apart from special arrangements to suit the houses for the 
very poor, I do not think the provisions of the new local Police 
Bill are too exacting. 

I now refer briefly to the building regulations which are to be 
found in the Police Acts, or, rather, the part of them relating to 
strengths of material used in buildings, for several matters already 
alluded to are included under the general head of building regular 
tions. 

I have a very broad and general objection to urge in regard to 
them, and it applies with equal force to the three documents we 
have been dealing with. I object to their being in a Police Act 
at all, as I think such matters require a whole Act to them- 
selves — a Burgh Building Act. The need for a special Act, 
dealing with the construction and aiTangement of buildings, was 
brought before our Local Authorities when they were engaged 
preparing the new Police Bill, by the Glasgow Institute of 
Architects, without success ; and more recently the same body had 
an opportunity, by deputation, of bringing their views before the 
Lord Advocate in connection with the Burgh Police and Health 
(Scotland) Bill. As a result of that interview they prepared 
the draft of a Burghs Building Act, containing their views of the 
regulations as to buildings, iS:c., which might be applicable to all 
Scotland. It was pi-epared with great care and trouble, and 
although it has not yet been turned to practical account, I have 
no doubt it will, some day or another, form the basis of a Building 
Act for Scotland. 

It is divided into four parts : — Firsty " With respect to Streets;" 
Second, "With respect to Buildings;" Third , "With respect to 
Drainage;" and Fotirth, " Precautions during the construction and 
repair of Buildings." It contains 57 clauses, 11 of which are in 
the second part, but some of these latter clauses are divided into 
numerous sub-sections, and the second part is much the most 
important part in the Bill. It is with that part only we have to 
do at present. With respect to streets and free spaces, and per- 
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haps drainage as well, I think I have already indicated tbat large 
towns may require special legislation to suit their wants, although 
r^ulations of that kind may well be made generally applicable to 
small burgha 

But there are cei*tain rules as to strength of walls, their thick- 
ness in proportion to height, strength of roofs, joisting, beams, 
kc.y and modes of construction in connection with fire protection, 
which can be laid down, and which are equally applicable in the 
largest and the smallest burghs. With regard to the strength 
and stability of buildings, the Glasgow Acts, both present and 
proposed, provide — Clause 371 of the new Bill, sub-section 1, 
'* That the outer walls and the party walls, or separate side and 
end walls, and the joisting and principal timber and iron work, as 
shown on the plan, are of sufficient strength and stability." The 
Burgh Police and Health (Scotland) Bill, schedule IV., sub- 
section 3 — " The outer walls, and the party walls, or separate 
side walls, and the joisting and principal timber and iron work, 
shall be of sufficient strength and stability." 

These are excellent rules so far as they go, provided that the 
person or persons who are to be satisfied that the outer walls and 
other constructive details are of "sufficient strength and stability" 
are likely to be competent to expi'ess an opinion. In Glasgow, 
and in other large towns with a Dean of Guild Court constituted 
as we have it, and with able and experienced professional men to 
advise them, no objection can betaken; but in small burghs where 
the Lord Advocate's Bill is to apply, and where such matters 
requiiing technical knowledge and skill and experience are to be 
dealt with by a certain number of Commissioners — members of the 
Town Council — who have no one to advise but their surveyor, 
whose qualifications, so far as they are provided for in the Bill, I 
will refer to by-and-by, the case is quite different. For a general 
act applicable to all burghs there can be no question, I think, that 
everything in connection with the construction or sti-ength and 
stability of buildings which can be clearly and definitely stated, 
should be so stated, and not left to the opinion of persons who 
may not, and need not necessarily, in order to occupy the position 
of judges, know anything whatever about the matter. 

Now this is just what the draft bill I have referred to does. 
In it the thickness of stone and brick walls in proportion to their 
height is laid down in a table, and vaiied as the building is to be 
used for a dwelling-house, counting-house, warehouse, or public 
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building. In the same way the sizes of joistiug in proportion to 
the length of bearing, the strength of roofs, the load-carrying 
power of floors of all kinds, dwelling-houses, public halls, schools, 
churches, workshops, and stores, are minutely described, and there 
are many other technical matters provided for which I will not 
trouble you with in the meantime. 

Such details as these definitely fixed would form a very useful 
standard of dimensions — a table of reference— a guarantee that 
the necessary strength of materials would be used, and that every 
building, no matter in what burgh it was erected, would be of 
sufficient strength and stability ; for then, and perhaps most 
important of all, the phi-ase "strength and stability" would have 
a definite meaning, and only one meaning, and the same meaning, 
in every burgh, large or small. 

Turning now for a moment to the clauses bearing on protection 
from fire, we find those in the new Glasgow Police Bill of the 
most meagre description, while in the present Act they do not 
exist at all. I mean clauses apart from those providing for fire 
extinction. Those which are in the new Police Act are as 
follows: — "That the joists under every hearth shall be bridled;" 
" that every fireplace shall have jambs projecting at least to the 
flush of the plaster;" and "that no joists shall be inserted into a 
wall nearer to the chimney than 12 inches." 

These clauses are certainly in the right direction ; but they are 
very far from being sufficient to meet the necessities of a large 
town. Glasgow appears to have a very bad character as compared 
with other large towns for the number of fires which occur in it 
directly traceable or due to defective building construction. A 
very interesting paper was read here in 1881 by Mr. John 
Dansken in which some figures were given bearing on this point, 
and which I will take the liberty of quoting. It was found on 
comparison that, taking all the fires occurring in London, Liver- 
pool, and Glasgow, and averaging over a series of years, that in 
London 6 J per cent., Liverpool 11 per cent., and in Glasgow 26 
per cent., were due to defective building construction. Mr. 
Dansken attributes the immense difl*erence in favour of London 
and Liverpool, and I agree with him most cordially, to the 
superiority of the legal enactments for the protection of buildings 
from fire in force in these cities as compared with an almost total 
lack of them in Glasgow. 

London had the "Metropolitan Building Act," and liveipool 
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had special Acts for the protection of buildings from fire during 
these yeai-s, while Glasgow had no such advantages, and it is in 
the same position at this moment. There is nothing to prevent 
the same malconstruction which caused more than one-fourth of 
all the fires in Glasgow going on now, while in the business 
quarters at least, owing to the buildings being more and more 
closely packed together, as the ground becomes more and more 
valuable year by year, there is more need than ever for fire pi^- 
tection legislation. 

I had intended to indicate such regulations as J think might 
well be enforced ; but I fear I have already exceeded reasonable 
bounds in the length of time I am occupying, and I will only 
allude to one regulation — a very important one, however, — which 
is in the Lord Advocate's Bill, and also in the draft Burghs 
Building Act which I have brought before you. 

That is a clause which specifies that all external walls and 
walls dividing separate houses are to be of incombustible material, 
and all party walls are to be carried through and above the roof, 
80 as to form a parapet at least 1 2 inches high. 

That rule would ensure the complete isolation of adjoining 
buildings, and should be made imperative in Glasgow, in some 
way or another, without any delay. It would ensure that, unless 
the circumstances were exceptional, a fire would be confined to 
the building in which it oiiginated. 

The numerous descriptive details connected with building 
construction such as I have referred to, and the much required 
fire-protection clauses — all of which are in my view absolutely 
necessary — would appear to me to be out of place in a Police 
Act, and I am satisfied they ought to be in a separate Act, 
applicable to all Scotland, and framed on the lines of the draft 
Burghs Building Act, prepai*ed by the Glasgow Institute of 
Architects. 

There is yet another matter in connection with these acts 
which I will refer to in conclusion. The pro^osions for adminis- 
trating the regulations for the consti-uction of buildings, drainage, 
ventilation of buildings — for there is ample provision for that too 
in the Lord Advocate's Bill, although I have found it impossible 
to deal with it in detail — and all other matters included under 
the general head " Police Administration." All through the Burgh 
Police and Health (Scotland) Bill, that is the parts we have 
been considering, such phrases as these occur, ** To the satis- 
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faction of the Commissioners,'' such and such '* may ^ be done at 
the discretion of the Commissioners. Indeed, some of the best 
provisions of the Bill may be set aside on the authority of the 
Commissioners, which in special circumstances they may 
gi-ant. 

In the Glasgow Police Act the same kind of things are generally 
** to be approved by the Dean of Guild," or " to the satisfaction of 
the Master of Works ;" but in large towns like Glasgow, that can 
afford to have skilled and expenencecl advisei*8, the objections to 
this indefiniteness, this leaving of matters, which might well be 
specified, to the individual opinion of Commissioners, or Dean of 
Guild Courts, or officials for the time being, are minimised. 

But what are we to say of small Burghs, containing 2,000 
inhabitants and upwards, with no local Act, and who must take 
this one — and who would be greatly the better for it too — if they 
could afford to have it properly administered. Consider the kind 
of questions which have to be decided by the Commissioners. I 
need not go over them again. Just keep in |View that they are 
all technical, and requiring skill and trained judgment for their 
intelligent consideration ; and consider, too, who are likely to be 
the Commissioners in these small Burghs. Douce, decent men, 
long-headed and skilled in their own business, but who, in the 
nature of things, are most unlikely to be able to cope with the 
details of such matters. Who then is to advise them ? The local 
Surveyor or the Sanitary Inspector? Well, what kind of persons 
or person are they or he to be ] for the same individual may hold 
both offices. 

The Bill, as brought in by the Lord Advocate, provided that 
*' The Commissioners shall from time to time appoint a person 
duly qualified to act as local surveyor of the paving and drainage 
and other works authorised under the provisions of the Act, who 
may, if the Commissioners see fit, be the Head Constable, or other 
police constable." It seems incredible, but it is as I say. The 
Bill, as amended in Committee, did not suggest the village police- 
man for the dual office of Sui-veyor and Sanitary Inspector, but it 
makes no provision for him being a professional man, or properly 
qualified. He is to be "duly qualified" in the opinion of the Com- 
missioners. We have seen the kind of person the framers of the 
Bill considei-ed might be " duly qualified,** but we do not know 
as yet who the Commissioners might appoint. We do know, 
however, something of the position of the sanitary inspectors, for 
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these officials exist already j aud as the office of Surveyor may be 
held by the same person, we cau come to some conclusion on the 
matter. I have beside me a paper read by Dr. Simpson, the 
Medical Officer of Health for Aberdeen^ at the last meeting of the 
Sanitary Association of Scotland held at Perth, in which he 
referred to the status of Sanitary Inspectors in Scotland haying 
resulted in certain districts becoming more unhealthy than they 
previously were, notwithstanding the administi'ation of the Public 
Health Act He had corresponded with these officials in various 
parts of the country — small burghs they must have been — and 
found that their salary per annum varied from one pound to five 
pounds — the latter salary being paid to the Sanitary Inspector of 
the place he was speaking in, the city of Perth, with 30,000 
inhabitants. In one distiict in the North of Scotland, where 
typhoid fever and diphtheria are always prevalent, the Sanitary 
Inspector is a shoemaker at a salary of £3 per annum. Dr. 
Simpson goes on to say that, ** Besides inadequacy of salary, and 
the consequent election of men without any special knowledge, the 
Sanitary Inspector is usually dependent on the good will of the 
local board or their friends ; to raise his voice, therefore, might 
injure him in his other business, in comparison with which the 
Sanitary Inspectorship is a small matter.'^ 

The Draft Burghs Building Act, after providing for the continu- 
ance of Dean of Guild Courts, with a professional Assessor as we 
have in Glasgow, provides further — " That the Town Councils or 
Burgh Commissioners of two or moi*e adjacent burghs may employ, 
for the purposes of the Act, one Assessor or Surveyor jointly, but 
it shall not be competent to appoint any person as Assessor or 
District Surveyor who has not passed the examination prescribed 
for District Surveyors under the Metropolitan Building Act, or 
otherwise who is not at the time a member of the Royal Society 
of British Architects, or of the Glasgow Institute of Architects," 
these being at present the only chartered Incorporations of Archi- 
tects in the country. 

That is only asking, in regard to the surveyor, what is given 
in the Burgh Police and Health (Scotland) Bill in regard to the 
medical officer of health, who must be **a legally qualified 
practitioner." Well, all we want is a legally qualified practitioner. 
The duties are quite as important in the one case as in the other. 
The village policeman or the village shoemaker is quite as com- 
petent to be the medical officer of health as he is to be the 
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surreyor, and advise as to the construction of buildings, strength 
of materials, drainage, ventilation, »tc. 

As a general conclusion. I am of opinion that Glasgpw, with 
its well organised and capable Sanitary Department and Office of 
Works, would Ije better under the provisions of its proposed new 
Police Act than it would be under the Burgh Police and Health 
(Scotland) Bill, and that the latter, admirable as it is in most 
respects, fails in not p^o^ iding for the proj)er administration of its 
provisions as to building regulations and drainage of houses, &c. 

This opinion, however, is under the reservation that these, 
matters would be better and more appropriately dealt with in a 
separate Building Act, which could, of course, be worked in 
Glasgow by the existing machinery. 

I have to thank you, gentlemen, for your patient hearing of 
what, I fear, you must have found a somewhat tiresome address. 
The matters I have dealt with are all of them attracting public 
attention to an extent quite unthought of only a few years ago. 
We, the members of this Section, are all more or less professionally 
interested in them, and in any movement in the direction of 
improving the construction or sanitary arrangements of buildings 
our place is, or ought to bo, in the front rank. It is not only 
our duty, but it is our interest; the more the public show intelli- 
gent knowledge of these things the moi*e they will appreciate 
good work when they get it. The honest and skilled man does 
not need an Act of Parliament to compel him to make good work, 
so that he should welcome every new enactment which will ensure 
that only good work will be allowed to be done. Without that 
he may suffer in reputation and in pocket by having to compete 
with ignorant or unscrupulous practitioners. There has been a 
time, shall I say that it is not past even now, when the honest 
builder might starve, while the dishonest builder would flounsh, 
simply because the public do not know anything about what they 
are paying for. Buildings ai*e just like other commodities, and if 
the very cheapest article in the market is most in demand — if the 
very lowest offers which can be obtained are eagerly sought after, 
then the natural consequence is, that the quality of the article 
must suffer— cheap and hasty applies with fullest force to a cheap 
house. There is too much sand in the lime used in a cheap house, 
just as there is too much of the same commodity in cheap sugar. 
The open joints and cracks in the cheap house are filled up and 
smoothed over just as some kinds of cloth ai-e weighted and glazed 
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with paste to impose upon the bargain hunter ; every department 
of the work which does not meet the eye is scamped in the cheap 
house just as it is in any article made for the cheapest market. 
There was a time in Glasgow when the walls of west-end drawing- 
rooms were made hideous by having wretched daubs, misnamed 
pictures, hung on them, bought because they were cheap, or that 
the purchaser did not know the difference between the monstrosities 
produced in some picture factory on the Continent or nearer home, 
and a Kaphael or a Turner. There was a time, not very long ago, 
when a concert in Glasgow would not draw unless the programme 
included a good proportion of the comic and vulgar element. 
Now, the best artistic work finds a host of patrons who have 
knowledge and appreciation, and nothing short of classic music 
will satisfy an ever-increasing number of our concert goers. 

May we not hope that an increased knowledge of our work on 
the part of the public will have a like effect on it. If they 
demand good and substantial and skilled work, and are willing to 
pay for it, they will be sure to get it. 
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rrrts*- : lini-r. azi wiZ rccT£=.:» lo d.-^ a«? fw into the future. The 
CL inrl-id^ cf li* n-eaiiiLX :f tieiccijphks was so completelr loBt» 
li-fct- if -^e rx:^r< wi,\: codi hp gaiheied mun Greek historians, 
sc^Liii^ Wis knrwi: cf Ec^nrpci*:! historr prerioos to the present 
c^ntiirr. l>iriii^ lie lasc » cr t«> rears able scholars hare giren 
in-*!: arrcnticn lo this 5-~r>ec^. and oeroced rears to its stndr. 
TLeir res^arries sio* iLx\ ^-^?JF^ existed as a comparatiTelT 
civilisevi L.Aiion. ^Temed bv kiii^ and a code of laws, when all 
other nations or "h e? Ar>-.m i wen? in a state ol barbarism. 

Th<? nrst Egrpdan king w&s called Mena, and it is supposed 
A.-oended the ihr^ne a'ooux AXw vears l^fwe ChrisL Some 
ii;vth:cal inscriptions c:i the nioncments tidl us that prerioos to 
Men^ — who was a kins: of the L Dvnastr of Think — the oountnr 
was coven^rd tv drnasties of gv-xb and demi-gods. It is not 
necessary- for the i urrose of this paper that I should enter into 
the hiiiory of the various dvnasties which ruled ^ypt for so manT 
cer.turies : but further on I will hare something to sar regarding 
acme of the kings who were the great erectcws of obelisks. 

In ancient times Egypt consisted of two kingdoms, called I'pper 
and Ia>wer, but thev were afterwards uiuted under one ruler, and 
the king was caUed - the Lord of the Double Countrr,' and 
received two crowns on his coronation — a white and a red one— 
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the former being placed above the latter to indicate that the South 
or Upper pi-eceded the North or Lower kingdom. The country 
was divided into thirty-six districts, called by the Greeks "Nomes," 
the most famous of which were Thebes in Upper, and Memphis 
and Heliopolis or On in Lower Egypt. Each Nome had its own 
capital and governor, as well as its own worship and laws. Often 
animals worshipped by one Nome were held in great contempt by 
a neighbouring Nome, giving rise to serious feuds and quarrels, 
which sometimes ended in the overthrow of a reigning dynasty. 

The Egyptians were a religious people. Their pantheon was 
very comprehensive; and ranged from the sun and heavenly 
bodies to insects and the lower animals. But- they were pre- 
eminently sun-worshippers, and idolised the solar deity under 
various phases. Ra, or Phra, the supreme god of Heliopolis, 
represented the mid-day sun; Mentu, the rising sun; Atum, the 
setting sun. Amen, which means " the concealed one," was the 
name applied to the sun after it had sunk below the horizon. He 
was the supreme god of Thebes, and reputed to be the oldest and 
most venerable of the deities ; hence his name generally comes 
first in the inscriptions. Amen was called the *' dweller in 
eternity," and the source of light and life. Horns, Thoth, Osiris, 
Ptab, were other names for similar solar personifications. ^' Ptah 
was worshipped in Memphis with great magnificence, and repre- 
sented the vivifying power of the suns rays ; hence Ptah is spoken 
of as the creative principle and creator of all living things." 
Thoth, called also Har and Haremakhu, was a deity of human 
origin, representing the moon and the vigorous young sun. He 
was the reputed inventor of hieroglyphies. *^ Thoth was said to 
stand by the dreadful balance where souls were weighed against 
truth." With his iron pen he " records on his tablet the result of 
the weighing in the case of each soul, and whether or not, when 
weighed in the balance, it is found wanting." * "Horus is repre- 
sented at the coronation of kings, and, together with Seth, places 
the double crown upon the royal head, saying, ^ Put this cap upon 
your head like your father Amen-Ra.'" " The parable of the sun 
rising, it is supposed, was designed to teach the great religious 
lesson of the final triumph of spiritual light over darkness, and 
the ultimate victory of life over death ."t Hence we find that the 
Egyptians were firm believers in a resuiTectiou. To this belief 
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-»'-p2L x. ir LLT ir» • "▼•"■naer; »r "iu^ ^'iriiL " 

n* _?T-^>ir: ■* "r=r* if *ar::er iare -aaa :iie jijeiiaka. 3zui w€re 
■iirpr.ifri -n -jr-^se?-^ "me- :*^^ iiTia sr "dieir 'am Iff era ^ duu zreat 
ia~ -rit-i iJ -rio vTwi* leski *m}Tii..L t.ss -a oieec die jpeaic God. 
Tip -ir.i-iisss -TflTw ^er ip la ii'JiniTTirqita "31 ^ernecasas die name 
mi ifr'iiT^ "iie ir^amcs irnt ii—iuirr :f aim "wha •srscted tbem, 
• '.ill '"It* -yinT-r if '■^neraccai ullL :?^2raKioii is dieir smLboIic 

riie :■ '-ii if la. in^^iiii unsc le TimiiTnr "a lii frrrm die published 
iriT-jiuF ?f die «-rL:eT. 'T.errn^m i y-^e+ile in die Thames cm- 
'i^Lcneur- md trim, "iit* j»*±iinfil :nodei aa^ -in die able. Thej 
ir» j:irz«* "cuea. iIti^ -ncni'iirii= — Trfijin:n-j iomedmes as macli 
ifi !•'•* r -*'•< viLs — :i»^iir— ii:»*L t-.zIi i sirmr* ::aae or secdon, 
•^crrrL;! .iT^i ::i-l7 -z^v-u-is "iie 'a:p. -raer? diey w«?re cermmated 

ir m in:i:»* c '• TTit* s-ie^ "v»r*s lenenZv — dioiz^lL noc alwaTB 

iti:*:*: :cl i ?<Ti:ir» ':aa*? t ;:eie?tal xiii:!! wna ilao a «ngle stone 
Ties** 3h:i;i-LltJl*< "v^r? 5:r dif nnis;: car^ .•txt ia che qnarxies of 
:?j*!i'*. r.«»nr A5.";;ian. _z. U7C»-r E^rvrc. -i >:nt; r'-"*? mil«?s soath of 
Ciir:. rrini i --irj Iiar-i 7»*^i *t.:no res«nbliiur zranhe. called 
rr^niTi* — af:--*r 'lii'^ zazie :i: die iizioii* •:iiirrie«. «>ne of tbese 
larr* i''^lL^k-i > kiH t : '••^ sf^n irtin*h«?*i '? th'? rock at Svene, 
caniiU-:- i ■*:-.«r^i inii rra-i- ::r ^riirirT'-i. bc^ which has not be«i 

« « « *. ^ 

'!r.^p>**r':, :• ^.-=L-s^ -eca.--t^ t.:-* E:zj]?dikiis were intermpted in 
tL^ir "^".rs: r.v -.l^ ':"T?d*.T"T :c -r*:-!:!*? drnisrv. c-r Kv some other 

Tr-:.« ir-ir-L-!?.-*-: '•rLi^k ?Lo'*'- :hr ii:-rdi*>i "i-t vhioh these im- 

m 

rr.^T^-^ '5*';r.r> ^rr^ T^rT^ira^e^i fr:::i TCr r'>:k. Along the margin 
of 'f.r '•/'•riUk ^ L- :-• ^ :rrr>Dve. ii: xrhicL uuinv hole^ were also 
r.".\ Izryj \\.r^,f: h:I« w,»irr. ^eric-^? wen? driven. The groove 
a:»-^ tL*r; rllie*] ^^>.L watrr. ^Lich the wedges absorbed, swelling as 
fli'rv f'vA ^.', ai.i craokiriC 'be stor.e in the direction of the groove. 

'Y)\f' trar.spKjrtatioii of thes*? monoliths from the qoarrie^ and 
t\iH f;r'rction of them in their tin:ii j^^sition, was a much more 
i(\Ujiul\r iind'Ttakinif than the merv* quarrying of them It is 
generally s'lpriosfd that they were puf;hed or drawn upon rollers 
from tr.'r nuarrie-j to the Xile, where thev were surrounded br a 
raft wh*;ii the river was low, and floated to their destination when 
it, rf^i. An inclined plane was then made from the river bank 
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with sand and logs of wood, up which it was taken on rollers to 
the temple in front of which it was intended to stand, and where 
tho base was already in position to receive it. It was then hoisted 
into position, probably with ropes, capstans, and levers, which must 
have been of great size and strength. No record has yet been 
found describing this part of the operation ; but some idea can be 
formed of the skill and determination which the ancient Egyptians 
displayed in the erection of obelisks, when we consider the special 
appliances designed for the purpose, and the enormous sums of 
money spent on the transportation and erection of such an one 
as that on the Thames Embankment, or its neighbour in New 
York. 

HeliopoUs or On in Lower and Thebes in Upper Egypt were the 
great cities of obelisks, as they were also the great cities of sun 
worship, and temples erected to solar deities. The former stood 
about 5 miles north, and the latter about 500 miles south of Cairo. 
Heliopolis was, besides, the great Seat of learning of the Egyptians 
— the University city as we would say. Thence students from all 
parts of the country — and in later times from Greece and Home — 
flocked to study Astronomy, Theology, Philosophy, and other 
sciences mixed up with the mysteries of their religion. The kings 
and nobles of the country were educated here ; and it is believed 
that Moses, who "was learned in all the wisdom of the Egyptians,'* 
received his education at On. The fame and magnificence of this 
city became so great in the time of Rameses III. of the XX. 
dynasty — probably a couple of hundred years after the Exodus of 
the Israelites — that it is recorded in the Harris Papyrus **that 
the possessions of the temples of Heliopolis were very great, and 
that the number of its priests, together with their subordinates 
and servants, amounted altogether to 12,963." * 

Of the many obelisks which stood at Heliopolis in its palmy 
days, only one now remains. It is the oldest of which we have 
any authentic account, if we except a very small one found by 
Lepsius in a tomb near the pyramids of Gizeh, which belongs to 
the IV. or V. dynasty, and two larger ones found by V. Stuart 
near Thebes, supposed to belong to the XI. dynasty. The 
Heliopolis obelisk was erected by Usertesen I. of the XII. dynasty 
of Thebes; — a religious king, with a firm belief in his divine descent, 
who paid great homage to the sun-god Atum. This obelisk still 
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stands on the base which Usertesen himself laid aboat 4,000 Tears 
ago. It is 67 feet high, 6 fL square at the base, and weighs about 
120 tons. One of two which stood before the great temple of 
the sun, im neighbour and the temple haring both yielded to the 
ravages of time, it now stands solitary and alone — an enduring 
monument of the Pharaoh who erected it, of the ancient sun- 
worsliippers of Egypt, of the great temple and the first seat of 
loaming then in the world. 

A single column of boldly and simply cut hieroglyphics, repeated 
on each of the four faces of the shafts bears the name of Usertesen 
I., " the loved of the gods of Heliopolis." The inscription on two 
sides is rendered illegible by the cells of bees filling up the deeply- 
cut hieroglyphs.* 

Dean Stanley thus describes his impressions at the sight of this 

venerable shaft: — *'In these gardens — ^gardens which partly cover 

the site of Heliopolis — are two vestiges of the great temple of the 

sun, the higli priest of which was the father-in-law of Joseph, and 

ill later times the teacher of Moses. One is a pool overhung with 

willows and aquatic vegetation — tlie spring of the sun ; the other 

now I'ising wild amidst garden shrubs, the solitary obelisk, which 

stood ill front of the temple — then in company with another, 

whos(» haavi alone now remains. It has stood for nearly ^,000 

y(Mii*s. It was raised about a century before the coming of Joseph; 

it has looked down on his marriage with Asenath; it has seen the 

growth of M()st\s; it is mentioned by Herodotus; Plato sat under 

its shrtdt>w: of all the oMisks which sprang up around it, it 

aloiK* has kept its first position. One by one it has seen its sons 

and hi\>thoi*a depart to great destinies elsewhere. This remarkable 

]>ilhu- (for so it looks from a distance) is now almost the only 

landmark <^f the groat seat of the wisdom of Egypt" 

Having intivduood to you tlie *' father of obelisks" — as that 
of Tsortoson has boon called — let me tell you, in as few words 
as possible, iunv the languagi* of hieroglyphics was found out; for 
its sigiiitioanot* \\as entirely lost for many centuries, and, until 
ifuHMuly, wa<i hojM^lossly forgotten because of the overthrow of the 
tWd Kgyptiau empire by the Greeks and Romans. During the 
Kivnoh coTupiest of Kg^pt under Xaix>leon. in the year 1798, M. 
Kmssanl disvvvoml, near Kosotta, a town on the west mouth of 
the Nile, a large jH%lisht\l stone of black granite, now known as 
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the " Rosetta stone." This stone afterwards fell into the hands of 
the English, and is now in the British Museum. It has graven 
on its surface an inscription, in honour of Ptolemy V., in three 
forms of writing, viz., hieroglyphic. Demotic, and Greek. Hiero- 
glyphics mean " sacred sculptures "or " writings," and was used 
exclusively by the priesthood, whilst Demotic was the common 
written language of the people. By the help of the Greek, many 
scholars tried to read the hieroglyphics, but little progress was 
made until 1822, when another monument — a small obelisk — 
was found at Philoe, in Upper Egypt, having a Greek inscription 
on the base, which was found to be a titinslation of the hieroglyphs 
on the obelisk. By means of those two inscriptions, Cbampollion, 
a French scholar, was able to make out many of the characters, 
and ultimately to decipher and interpret many of the hieroglyphic 
inscriptions. Hence the writings on the Rosetta stone and the 
Philse obelisk became the keys for the decipherment of this ancient 
pictorial language. 

Since the time of Ohampollion the study of Egyptology has been 
ardently pursued by many scholars until at the present day about 
1,000 hieroglyphs are known. Much, however, still remains un- 
known ; and wo must accept with caution the translations given 
of the inscriptions on the obelisks, although they are vouched for 
on the highest authority. 

After the XII. dynasty Egypt was conquered by foreigners, 
who, according to some authorities, came from Central Asia, called 
Hykshos, or shepherd kings. Five dynasties of these kings 
governed Egypt about 500 years. The last of them, called Apepi, 
or Apophis, is believed by Rawlinson to be the Pharaoh who 
promoted Joseph to great power, and gave him Asenath, daughter 
of Potiphera,* priest of On, to wife. The Egyptians, who returned 
to power in the XVIII. dynasty, showed their great dislike for the 
rule of the foreigners by demolishing any monuments, and erasing 
any inscriptions which they may have left. For this reason little 
is known of that period of Egyptian history, except the names of 
the kings. No obelisks have been found to belong to it. 

The great builders of obelisks were kings of the XVIII. and 
XIX. dynasties. They were of Theban origin, and were the 
greatest and most powerful kings who governed Egypt. During 
this period Egypt rose to the height of its power and prosperity, 
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and most of the great monuments were erected then. Thothmes 
I., — grandson of Aahmes who ovei-threw the Hykshos kings and 
established the old Egyptian dynasty of Thebes, — reigned about 
164G-25 RC. (Lepsius). Besides building a temple and construct- 
ing other works, he erected two obelisks at Karnak, one of which 
still stands, and is now next in age to that of Usertesen L at 
Heliopolis. Three columns of hieroglyphics adorn each face of 
the obelisk. The side columns are somewhat confuse<L Accord- 
ing to Birch, they show the cartouches of Rameses V. and VL ; 
and Mariette thinks they also show that of Rameses lY., whilst 
on fragments of the fallen obelisk are seen those of Thothmes 
III. The central columns are by Thothmes I., and record that 
the king ** has ])uilt his enduring edifice to his father Amen-Ra," 
and " has erected two obelisks before the Propylon." ♦ The 
standing one is about 72 feet 7 inches high, and weighs about 155 
tons. 

Thothmes I. was succeeded by his son Thothmes IL, who 
erected no obelisks. He lived but a short time, and reigned partly 
in consort with his sister Hatasu, who, according to some, was 
also his wife. 

Hatasu was an ambitious, powerful woman, who put on man's 
attire and iniled as king. She was very fond of pomp and show, 
and made many otieriugs to the god Amon. She was a great 
builder and art patron, and conducted a successful expedition to 
Abyssinia. She sought, the inscriptions tell us, '*to be a source of 
wonder to men, and a secret to the gods alone, "t Hatasu erected 
four obelisks in two ])airs, one of which is still standing in the 
Osirian temple at Karnak. Most writers speak highly of this 
obelisk. ** Its fine proportions, its exquisite polish, the singularly 
delicate execution of its sculptures, the unique richness of its 
ornamentation, together with its gigantic size, make it in the 
opinion of Resell ini one of the most admii*able examples of Egyptian 
work. "I This is the loftiest entire obelisk now standing. It rises 
to a height of about 97 feet, measures 7 feet 10 inches square at the 
base, and weighs about 330 tons. " Our wonder at the elaborate 
decoration and perfect execution of these two gigantic monuments 
is increased," says Gorringe, in his work on Egyptian Obelisks, § 
" when we learn from their inscriptions that they were detached 

* Gorringc's Egyptian ObeliskB, p. 121. 

t Egyptian Life and History, p. 24. 
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from the Assouan quarries^removed to Karnak, sculptured, polished, 
and erected in the short space of seven months." Such work would 
be marvellous even in our day. 

The inscription on the obelisk tells us that " the queen, the pure 
gold of monarchs, had dedicated to her father, Amen of Thebes, 
two obelisks of syenite taken from the quarries of the south. Their 
upper parts were ornamented with pure gold taken from the chiefs 
of all nations. Each was made of a single piece of syenite without 
joint or livet"* 

Hatasu was succeeded, about 1590 ac, by her younger brother, 
Thothmes III., the most powerful king of this dynasty, and the 
greatest of Egyptian monarclis. He conducted many expeditions 
into the surrounding countries, especially one into Assyria as far 
as the Euphrates, and another into Palestine before its conquest by 
the Israelites. He brought back great numbers of prisoners, all 
that was valuable in the land, and offered liberally to the god 
Amen because of the success which attended his campaigns. He 
made the prisoners work at temples and monuments, placing task- 
masters over them, figured in the inscriptions as saying, '* The 
stick is in my hand, be not idle." t 

Thothmes III. reigned 54 years, and erected four obelisks at 
Heliopolis. One was removed to Rome, and now stands in front 
of St. John's in Latem, another to Constantinople, a third to the 
Thames Embankment, and the fourth to New York. We will 
return to some of these further on. 

Among the kings of the XIX. djmasty, Seti I. distinguished 
himself by conducting expeditions into neighbouring countries, 
especially Arabia and Syria, bringing back many prisoners and 
much spoil, which he offered to the god Ammon " on account 
of the victories whicli he granted to the king. "J Seti was the 
builder of the great temple at Karnak, and is said to have filled 
Heliopolis with obelisks. Two of these are all that now remain. 
One stands in the Piazza del Popolo, and the other at Trineta de 
Monti, Eomo. 

Seti L was succeeded by his son Hameses II. about 1388 b.c. 
(Lepsius). Next to Thothmes III. he is said to have been the 
mightiest monarch of ancient Egypt. He conquered Ethiopia and 
the country of the Hittites, north of Palestine, the Caananites, 

* Oorringe's Egyptian Obelisks, p. 122. 
t Kgyptian life and History, p. 26. 
X Egyptian life and History, p. 28. 
Vol. XVI. s 



Ajuicsss. cl ?:^-n— * s 'aeispvw \f De. BirA to be the 
r^iftjicja .c -^ 'j^zrsman. -vsc- k3i»v =cc JeKfii. vho set orer 
ise l£^£i=29 'assknuiisC'Er^ x: idS^ laoa ia. tAeir burdois, and 
2UZKti -^yr^-m ^M tuflii lot^ I HI I rrBs <:£ Pixbam end BiimiiPiT, 
-n.»TTT^T»»<; ix liit^ lis iflUigizr if £x>ri& He vis also tlie fiither 
ev iii:cnTiTr if XTBpg. 

TlxTTT-wa XL vxi iszz;£Tssb£C Jui «fie creeiot iNiflds in mncient 
E^rjtL if zee iz. lak* v^ae wcctL Airinr-g cDgmeering wotfa lie 
ccdzlt^^ssd X ^'iAZ -triiL ^zm !•» !=£r« kr.g, eonmeneed by his 
ixzoEt, S^ L. -yiSrg. gxvriyu rr:a P^r^gam — now Port Said — 
lo H<rI>:ccLk. He :i=fl': zzaz^t vrrtrttcs in Upper Egypt, chief 
azMu 'ibsse :«fi=;£ t&* MrTn'ocrm. c>r KarnHBinn, at Hiebes, and 
a reck lecizue as Ipar-tcl. w^vfi is sasd xo be ^^ the OMst mag- 
ridoen? swcx=i^ci of is ciia^ vhS:^ the world containa." He 
greAzlj enlATStd zht «ez!ir^ \i Lexer oecsed by Amenhotep TTT. 
of the preTicca drTL&s^. azui sec up in troax, of the gigantic pro- 
pylvru or gau^v^r — vhi:h ks also erecied — two a^oasal statues of 
himself, azid two cf ihe nnest obelisks in exiscoioe. One d these 
was removed to Paris in lS3o. tne other still stands on its original 
pedestal Tne obelisks are exquisitely scalptnzed and highly 
polished, as are also the surfiices within the hieroglyphics of the 
central colnmn. The Luxor obelisk measures 82 fL hi^ by 8 ft 
2 in. square at the base, an-i weighs about 254 ton& There 
are three columns of hiero^yphs on each sid& Only a portion 
of the inscription has yet b^en translated. It says that ** he has 
set up two obelisks of granite, placing them for millions of years 
at the divine residence of Rameses, whom Amen loves at the 
house of Amen-Ra.'** 

The Paris obelisk is not so large as its neighbour. It only stands 
75 ft. high, and weighs 222 tons, five years were spent in 
lowering, transporting, and erecting it in the Place de la Concord. 
The inscriptions on this obelisk are all laudatory in the highest 
degree of Eameses. I will give you the central one of the south 
sides — that facing the Palaise Legislatif. It is by Cabas, a French 
scholar, and runs thus : — '* The Horus-sun, strong bull, very valor- 
ous, King of Upper and Lower Egypt, Ousob-ma-aa, Sotbp-kk-ba, 
eldest son of the King of the gods, who has raised him on his 
throne on the earth, like an imique Lord, possessor of the whole 
world ; he knows him as be (the king) has done homage to him 
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by bringing to perfection his dwelling for millions of years, mark 
of the prefer'ence he had in the Southern Ap for his father, who 
will prefer him for millions of years. He has made (the Obelisk) 
the Son of the sun. Mei-ammon-ramses, *vivifier' eternal as the 
sun."* 

The column to the left of the spectator on the same side runs 
thus : — " The Horus-sun, strong bull, loved by the goddess Truth 
(Ma), King of Upper and Lower Egypt, Ousor-ma-ra, Sotep-en-ra, 
son of the sun, Mei-ammon-ramses, Scion of the sun, protected 
by Harmachib, illustrious seed, precious egg of the sacred Eye, 
emanation of the King of the gods, to be the unique Lord, pos- 
sessor of the whole world. King of Upper and Lower Egypt, 
OusoR-MA-RA, SoTEP-EN-RA, Son of the Bun, Mei-ammon-ramses, 
"eternal vivifier." 

Besides erecting obelisks for himself, and covering them with 
hieroglyphics, Eameses had inscriptions cut on many of the older 
obelisks. This was the case with most of those already noticed, 
such as the London and New York obelisks, which were erected 
by Thothmes III. of the previous dynasty. Eameses was a volup- 
tuous, arrogant, despotic king, and stopped at nothing to assert 
his own divinity. He had a long and happy reign of 67 years, 
and was succeeded by his son Menepthah I. Menepthah erected 
the obelisk which now stands in front of St. Peter's at Home. He 
is believed to be the Pharaoh of the Exodus, whose army perished 
in the Red Sea. Several other monarchs erected obelisks in 
E^gypt after the period of the XIX. dynasty, but they became 
less in number, size, and importance, and compared with the great 
monuments which went before, somewhat insignificant. This was 
partly due to the internal wars which disturbed Egypt from the 
XX. down to the XXXI. or last dynasty, and partly to the wars 
carried on with neighbouring countries, which during this period 
became very powerful and aggressive. The Assyrians, Babylon- 
ians, Persians, and latterly the Greeks and flomans, successively 
conquei*ed and overran the country, demolishing many of the 
temples and monuments, and carrying off some of the finest works 
of art. The first plunderers of Egypt were probably the Assyrians, 
who, under Assurbanipal, about the year 664 b.c., carried off two 
large obelisks, and erected them in Nineveh, where, doubtless, 
they were overthrown, about 80 years afterwards, by the Babylon- 

* Records of the Past, vol. iv., p. 23. 
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ACS -rnirJi "Ht^ t?nuTiBff**i -kaEvrra. acL -fisc >meTeIi & heap of 
Tzuzs. Ir * "3s« ^.-mslLlst mac ditije ^*?re 'iiiken ^ BabTloa. for 
1 3 >iiie'«*^.i iLjf "at jn.\iea mmci^ Troiisi Nebaciiadiijeciar II. 
-r!*,*a=*i. fas --?H.-_*r»u=ti ^ Tie >r'i sao^ac Jt DazifeL was one of these 
T^riiis:-. r iZ-inrT TTTTtsxr i^jxn i^^^c Ir aaiL ;i£ anyrate, the 
dzirEstyiii f rrt-. ^•-»ni: '**' tp*»' luih ^y 1 feet ^nare at the 

T:^ 3^-5iia2s T>.rfr -nr .p^aitK pmmiaxis or jnaent Egypt, 

liia siowH«i -ntriniei'-^s lo '^ :xioi« apabie *ii. riant iihig and trans- 

'>*iTu:^ ~a«^* JU7^ nuc'jiirns -rfian ^elj odier laiitin , except the 

'£-r'7nau.:> -ar»iii*rt*--s ri«»» ire lo Jea* dum twelve or thirteen 

^^v-.:^- :i ii.a;'^. \Si -air-^-^t -iiirii-r iup£n:r ^e ptsriod ol the 

A:i .'.-e-.bHi ::: ?^=aninie»:ik 11. it -uie XX VX 'iTa-istv, erected 
a "lit* H-'-.iupciijfv ":';J*v' t .. Leptous • iras taken to Rome bv 
jLiirtsra> i..>.n:r i" i :.. xnxi ::»?--;rect5?*i in toe Campos Mai!tiii& 
> 10^ -^aiiifs :: ^i-'urj* Jiajnc. Tiucfier ic wa* removed bv order 
't ?*TLs '~1 r'i:: ' >^tla- u* "diac "ilir:* oiTeiisk was used br the 
^^ Jiia:i< r.' ^jicaoi :iit» .en^rii ?t tlise iav ?v Tje sh;ifiow which it 
^■aefr. T:r 'iiir^ -?iir-.'Oi** x tt-j^j -jormciuicea ?v a lara^ brass baiL 
uiii s^' t:? IT rue *ta ?r & ^-ne puTonniac ^e length of which 
fxjicr>- .ruicdte-L -x-xh tie '.ea^rii ^t :xie shajiow thrown by the 
jivn^iiL AT I'^cc ja "iie iiij :c rhyt "rinrer iCusCM — that is^ the 
-hcrryi^r i;i ;•- :c il:-.' - »:i-: * Aftwr ^il:2^ pcr^jd^" says Pliny. *• the 
•ijdbiicw -v:iild p: :ii i;*y .y fa-" LeiirsLaiiiE. azd ^hien acain. wooM 
k? r^uJTifc^ ;=" uicrittsftf. ^^cT«sci:cjii2:i "vita v.-ercai:i linjM of bras» 
i:id*?r;<5«.: Ji "r^^f Ta'-ini^fiii — d le'^ic'e. * Fliaj :ell» ;x&. ~weil deserring 
I* :♦* ti'.'*^*!. AH'i i'lr* Tv' lie iinsen^iiT^r cf F:u:Txndixs Xottis the 
riiiii-ieciiidCLLkz. ' * r!i::> :cei*^k iid ":»?tii daaidu^ed and repaired 
"kj-'fril tizi-es *:«fD:ri i: vis ■?Kct.-^i -v'litir* iz now fflanifs It was 
7- r:. lii^i. izc zi:ijK iive w«t£^<^i rivr 2»X* wc& It had origin- 
aHj 2 izLscrai :c I ,T 3 -•clx:i:il> rt hier.'clyphscs on each £a«, 
1- :cly ;' ^.l-iziij* -'.-tt report t". azlI laey xn? very moch injured. 

A:ioc2itrr rcelLsk. r«:iov«d :.? Kccir? cy Augustas aboat iO RC. i> 
^iia* wiivi. z^iw sr.vz.«i» ir. :hf» .>?crr» of th*? Piaxza del Pi^ioto. 
icnirdi:!-^ vaLlI«?ii ti-e Fliniizian '^bel^k. b^Kaose it stazhds opposite 
^Le o'.i r:aa or i^ia: r-ime whicri enters Rome from the nortk 
Tcfi or-rliak was oridiLillT rrec:^ at Heliopolis by Seti L, of the 
XIX. dynajsty. x\*yz.z l4'>^*-I.'^^^ rc. tLep^icsf. Aogostus re- 
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ei'ected it in the Circus Maxim us, where it was overthrown— it is 
not known how — and afterwards found in 3 pieces during the 
pontificate of Sixtus V. It was restored and re-erected by 
Fontana, A.D. 1589, on its present site. The shaft is 78 ft. 6 in. 
high by 8 ft square at the base, and weighs about 235 tons. 

This obelisk has three rows of hieroglyphs on each side ; the 
central ones on the north, south, and west sides were cut by Seti 
I., and beautifully polished ; all the others are by Seti's sou, 
Rameses II., and left rough. A curious interpretation, supposed 
to be of the inscriptions on this obelisk, was given by an Egypto- 
Grecian priest called Hermapion, who lived in the foui-th century 
after Christ. It has been sneered at by modern Egyptologists as 
a shi^ewd guess, but Hermapion must have had some knowledge 
of hieroglyphics, for the sense of his ti-anslation is similar to that 
of the moderns. He does not mention Seti I., whose inscription 
forms the central column on three sides. A portion of Her- 
inapion's translation runs thus : — * 

** This says Helios^ to King Khamestes^ 
We have given to thee all the world to reigu over with joy, 
Thee whom Helios loves and Apollo ; 
The strong truth-loving son of Heron, 
Born of the gods, the founder of the world 
Whom Helios has chosen, strong in war, King Khamestes, 
To whom the whole earth is subdued 
With strength and courage ; 
King Rhamestes of eternal life." 



** Apollo^ the mighty, the blazing son of HelioK, 
Whom Helios has chosen, and Ares'* the valiant has favoured, 
Whose good things last for ever, whom Ammon loves ; 
Who fills the temple of the Phcenix with good things. 
To whom the gods have given length of life ; 
Apollo the mighty, the son of Heron, 
To Khamestes the kuig of the world, 
Who has protected Egypt by conquering foreigners ; 
Whom Helios loves, to whom the gods have given long life, 
The lord of the world, Rhamestes of eternal life." 

The Kev. G. Tomlinson has translated the inscriptions on this 



* Cooper's Egyptian Obelisks, p. 77. 
^ Helios = Ua. - Rameses II. ' Harcmakhu. ^ Mentu or Month. 
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Fli^ttcciucaii .>:*-i>fiij 0/ '^mut^^fc. 



•-.i^^j^^'jL. L2k ■I'^z.zrk^ l^'AnJnn^ Lj Seci L. oa die north side fiiciDg 



Lcri -ic ■•■.*.**m*, LuTi 'zi Cppe^ Aod Lover Egr^iC. 

V:dj. :f liije v-irlti. pcaKa»:r ? at Egypt. 

riui r^zlicji-ic.^ H :rii. i2u» C»!arLi ? , ih« 'irrme priest of Totanen, 

W^.-^ rsn I-ers lItlsstxiu li* «T«rLMdzx ediacea of Hetioimlu 

By iixjjti^xiyjUA "zz i:r toe sc^for: oc the iMareou 

Wiio Lu r4CAbujhetL £:-:a^:Ar«d. .ubi adamed tike temple of the sun, 

A=.-i •:: toe rest c: :ii« ^os^ 

WLi-:i L&Te been s&zc^eii l-j him. the aoa of the sao, 
MenephthA-^xthi: tie beI>?Ted c: the spirits oi Heliopolis, 
EteriLai like the Swi.~ 

Leiz Column iRameseiK 

" The Honsf. the powerful, the sun of Set, 
The resplendent Uom^. 

The •iirei_"tor of the j-ears. the great one of Tictones* 
The king Phi^raoh, the gnaniiaa of justice. 
Approved of the &;in, son of the ran, 
Amen-Mai-Rameses. 

Who dlls the temple of the phcmix with splendid objects. 
The Lord of the world, Pharaoh, the gxuurdian of justice. 
Approved of the sun. the son of the sun, 
Amen-Mai-Rameses, giving life for ever. " 

Right Column (Rameses). 

*' The Horns, the powerful, the beloved of the sun. 
The Ra, l)egott€n of the gods. 
The subjugator of the world. 
The king Pharaoh, approved of the sun. 
Son of the sun, Amen-Mai-Ilanieses, 
Who magnifies his name in every region 
By the greatness of his victories. 
The I»rd of the world, 
Pharaoh, guardian of justice, 
Approved of the sun, son of the suu, 
Amen-Mai-Kameses, giving life like the sun.'* 

TJie obelisk which now stands in front of the Latem Palace 
was taken to Rome by Constantius about 357 a,d., having been 
previously brought as far as Alexandria by his father, Constantino 
the Or(»at. Constantius erected it in the Circus Maximus. 
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'^ There is no record of its fall. But during the pontificate of 
Sixtus y. it also was found broken in three pieces. Fontana 
restored and placed it in its present position in 1588.''^ This 
obelisk originally stood in Thebes, in front of the Temple of 
the Sun, having been ordered by Thothmes III., and finished 
and erected by his son and successor, Thothmes lY., thirty - 
fire years afterwards: — ^that was about 1450 b.c. This is the 
largest known obelisk, and one of the largest stones ever quarried. 
It stands 105^ feet high, by 9 feet by 9 feet 10 inches square at 
the base, and has the enormous weight of 455 tons. There are 
three columns of hieroglyphs on each side, bearing the cartouches of 
Thothmes III. and lY. of the XYIII. dynasty; and of Bameses 
II. of the XIX. dynasty. The latter only appears in a short 
inscription at the base of the shaft on the west side. 

On the pyramidion, as is usual on most obelisks, are repre- 
sentations of the king Thothmes III. offering wine, bread, water, 
&C., to the god Amen-Ha. Dr. Birch, h\ his '^ Kecords of the Past," 
gives the full translation of all the inscriptions, f The central line 
on the east side runs thus : — ^* The Har-em-akhu, the living Sun, 
beloved of the Sun, having the tall crown of the upper region; the 
Lord of diadems celebrating the festivals in Truth, beloved on earth ; 
the Gk)lden Hawk prevailing by strength; the king of the Upper 
and Lower country, Ra-Men-Kheper, beloved of the Sun, giving 
memorials to Ahen in Thebes, augmenting his memorials, making 
them as they were before so that each should be as at first; never 
was the like done in former times for Ahen in the house of his 
fathers, he made it the Son of the Sun Thothmes (HI.) Kuler of 
An, giver of life." 

The right line reads — "Ra-Men-Kheperu (Thothmes IY.) multi- 
plying memorials in Thebes of gold, lapis lazuli and jewellery, and 
the great barge on the river (named) Amen-user-ta, hewn out of 
cedar-wood which His Majesty cut down in the land of Ruten 
(Syria), inlaid with gold throughout, and all the decorations 
renewed, to receive the beauty of his father Amen-Ra (when) he is 
conducted along the river. The Son of the Sun Thothmes IY., 
Diadem of Diadems, did it." 

The left line : — The good god, the powerful blade, the Prince 
taking captive by his power, who strikes terror into the Mena 
(Asiatic shepherds), whose roarings are in the Anu (Libyans). His 



*Oorringe*8 Egyptian Obelisks, p. 127. t Vol. iv., p. 11. 



iidiPT JL:A2Zi inruinr jini ip. -natfTTTi -us niii -fxTiTufffi : zhti Chxis 

^arria >f oia auinEii. ~Lie u:*^ if liii mm iff, i^ wiz hoii (>:en 
irier^i Jiia i#i«i nine. T!iii K'n-i :r liie Upp^r imi Lower 

'.a* I vxzl2x's. \x, 2n:r*r ".'i.-in zuaicicii -Hime •:£ sn^m. One in the 
Piazza y A •'"villi ^'M ;-iiirTij»f2 in. Sv^m*. juiii erccrwd in. Rome by 

Ecypmaii rr:,ia Ftih iad ^erapa^ Azi^ciuar. on McHLte CaLvmllo. in 
frr.n:; or 'iie ♦^iirimil Pi*ii*:e. ia^i z.o in:icripT3oii, and ^ery little is 
xao-mr. cf :::d kisuijrx. T!ie ^£Lzni? max be iaii or anouier in front 
f .^c Prters. wTiiiiiL i^ ilao vtuxocl* inacripdoji. akhoogh it is 
known w nave fjeen •cr»»c;:eii bv Mecepchan L, son of Sameses II. 
Tkid \a liie lar^»!s^ ruCT^ cceiiak cc: or JE^zrpc It was placed on 
vji pneaent *i:ur bj Fcniaiiii. a Ladre i:c Mili. on the Lake of 
i^jmr^j who gain'^i ^ prize for his method of »eetioQ and transport, 
offereii hj Popt; Sixms V. to upwards of 500 competitors ! Great 
fear vas expressed that Fontana was to*3 yoong to cany ont a 
work so ;rrea:, being o«/y forty-two ! Two older men were there- 
fore appointed to superintend tils work, bat Fontana soon got 
entire control of the operations, and put his tradacers to shame 
by the success of his undertaking. He afterwards re^rected other 
thre^j obeiiiiks in Rome. 

The oWlisk on the Thames Embankment, and that recently 
transported to New York, formed a pair erected in Heliopolis, 
Urfore the Temple of the Sun, by Thothmes III., of the XVIII. 
Hyri/'tsty, Urtween the years 1591-1565 RC. (Lepsius). They ai-e 
r;alle<^l Clcoi>atra's Nee<lles, but it is now known that this Queen 
harl nothing to do with their ei-ection, having died eight years 
previounly, although she may have been instrumental in causing 
th«!in to V>c brought to Alexandriii, 

Litth; in known regarding the ancient history of these obelisks 
until tin; time of the Komaus. It is probable that they were 
overthrown \)y the Pei-sians when they conquered Egypt and 
(loHtroyed the temple of Heliopolis in the 6th century ac. There 
thoy doubtlcHH lay among the ruins until they were removed and 
re (jrect(Ml in Alexandria by Augustus in front of the Cassarian 
Pahu^t;. The New York obelisk, which was still standing when 
n-niovcMl }>y th(5 Americans, was 8Ui)portcd on four large bronze 
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crabs. ^ On one of the claws of these was found the following 
inscription which fixes the date of its erection by the Romans: — 
" In the eighth year of Augustus Csesar, Barbarus, Prefect of Egypt, 
placed. * Pontius, Architect.*" The eighth year of Augustus 
corresponds to 22 B.C. 

The crabs, four of which are also supposed to have supported the 
London obelisk, have given rise to much speculation. They are 
believed to have been placed below the comers of the shafts, 
because the crab was in some way connected with the woi'ship of 
Apollo, the sun-god of the Komans; and therefore not inappro- 
priately associated with the obelisks, dedicated as they were to the 
8un-god, Amen-Ra, of the Egyptians. The crabs have long since 
been removed from the London obelisk, which lay buried in the 
sand for centuries until recovered by the British. Its overthrow 
probably took place in the year 1303, when an earthquake did 
much damage in Alexandria. 

I have no time, even if it were necessary, to tell you how these 
great and venerable shafts were removed to their present resting- 
places. This part of their history must be known to most of my 
hearers; but I cannot help remarking that the skill, labour, and 
money which was spent on these great undertakings show us that, 
with all our advancement in engineering science since the time 
when Thothmes set them up, we have made little or no progress in 
the method of handling such large blocks of stone. The Loudon 
obelisk t was erected on the Thames Embankment on the 13th 
September, 1878, and the New York one in Central Park on the 
22nd January, 1881. The former stands 68^ ft. high by about 
7 ft 9 in. square at the base, and weighs 185 tons; whilst the 
latter is a foot taller, and has a weight of about 200 tons. Three 
rows of hieroglyphs are cut on each side of the two obelisks. The 
central columns, as in several others we have been considering, 
were cut by Thothmes himself, while the eight side ones were 
carved by Rameses II., about two centuries later. J See the appen- 



* Pieceii of copper and lead from those crabs, kindly lent by Principal 
Jamieson, were shown at the meeting. 

+ The model of this obelisk, presented to the Society by Dr. Muirhead, 
was exhibited at the meetmg. 

:t In a paper read by the President, Dr. Muirhead, on 2nd April, 1884, 
he gives Dr. Birch's translation of two colnmns on east side. Proceedings 
of Society, vol. xv., p. 88. 
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dix for the Key. James King's translation of the inscription on the 
London obelisk. 

We have seen that it was usual to portray, on the pyramidion 
of an obelisk, figures representing the dedication of the monuments 
to one or more gods, with short inscriptions in hieroglyphics. 
Where this was not done — because of a golden or other metal cap 
which sometimes covered the entire pyramidion — the dedicatory 
representations were cut on the shaft itself at the top. Both the 
British and American obelisks are decorated on the pyramidion. 
I have not seen a copy of those on our obelisk, but I can throw 
on the screen a photo of those on the American one. They are 
copied from Commander H. H. Gorringe's book.* "In the left 
hand upper square the god Atum, seated, presents to the king, 
Thothmes III., the sceptre and crux ansata. The former is the 
emblem of authority, the latter is the emblem of Ufa Thothmes 
IIL is represented as a sphinx ; he extends one hand to receive 
the emblems, and with the other presents an offering." The 
inscription on this face is incomplete. " In the lower right hand 
square there is apparently nothing wanting. The inscription on 
the top reads — *Ra-men-Klheper, King of Lower and Upper l^ypt, 
master of the world, gracious god of Heliopolis, king, giver of life, 
stability, and power, beloved of Atum, lord of Heliopolis, gracious 
god, lord of the temple.' The inscription between the oblong and 
seated figures reads — ' He made presents of libations to Noun, who 
has made him giver of life.' " 

The other inscriptions on this obelisk are similar to those on the 
London obelisk, and need not be further referred to. Before con- 
cluding this lecture, allow me to mention some of the articles 
deposited in the foundation-stone of the London obelisk, before the 
latter was erected. All will prove extremely interesting to that 
future generation whose lot it may be to see them unearthed, 
however remote the period. While some will serve to mark the 
times in which we live, and show the great advancement which 
has been made in the arts of peace and civilisation; law, science, 
and literature — others will only amuse, and illustrate another 
great peculiarity of our age, viz., that of advertising. In the 
pedestal were deposited, among other things, a standard foot and 
pound,! a bronze model of the obelisk on the scale of ^ an inch to 

* Egyptian Obelisks, p. 62. 
t Gorringe's Egyptian Obelisks, p. 106. 
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the foot, exactly similar to the one I now show you. Jars of 
Dulton ware, a complete set of the British coinage. Dr. Birch s 
translation of the obelisk hieroglyphics, the Hebrew Pentateuch, 
the Arabic Genesis, and a translation into 215 languages of the 
16th verse of the Srd chapter of St. John's GrOspeL The daily and 
illustrated papers. Bradshaw's railway guide and Whitaker's 
almanac. A London directory and map of London. Mappin's 
shilling razor, a case of cigars and pipes, a box of hair>pins and 
sundry articles of ladies' adornment. An Alexandra feeding 
bottle, and children's toys. And last, but not least important, 
photos, of a dozen pretty Englishwomen. Let us hope that the 
photos, will prove permanent and enduring, and demonstrate to 
futurity that our types of beauty become the culture and taste of 
this great nation. 

The Egyptian monarchs built their monuments of the hardest 
and most enduring material, to outlive time, if it were possible, 
and fashioned them of gigantic proportions to inspire their subjects 
with awe, and command the respeci of neighbouring and foreign 
nations. Shall we say they have not partially succeeded ? Who 
can tell that London and New York will be the last resting places 
of the two obelisks we have been considering ? Have they not 
witnessed the rise and fall of many kingdoms of the earth; and 
will they not do so again ? Brothers in On, nearly 35 centuries 
ago, they have shared each other's fortunes in company through 
the intervening ages down to our own time; and now, when 
separated by the wide Atlantic, each looking proudly askance on 
two of the greatest nations the world has yet seen — where will 
they be thirty-five hundred years hence] What will they witness? 
And to what great destinies are they ordained? 

I have looked on the obelisks in London and Paris, and examined 
and admired most of those in Home, and I saw nothing surrounding 
them, be it ever so grand or imposing — not even the Eoman Forum, 
the Basilica of Constantino, or the Colosseum — which impressed 
me with so much awe and veneration as did these grand old mono- 
litha When we consider that they are the monuments of the 
greatest kings, architects, and builders of the ancient world— -of 
the engineering science and skill of a most remarkable people ; 
when we recollect that some of them were erected before old Jacob 
and his sons went down into Egypt, and welcomed them on their 
arrival there ; that Joseph, with his fair young wife Asenath, looked 
at them, and read and understood the hieroglyphics which adorned 
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their sides; when we consider also that many of them were 
doubtless erected by the Israelites under the oppression, and that 
they have stood for ages as monuments of the ill treatment which 
they received ; that Moses looked on them and knew their 
mystic meaning ; when we bear in mind, I say, that the obelisks 
were the silent witnesses of these events, and the contemporaries, 
as it were, of the greatest personages of the historic past, wo 
cannot but regard them with the highest veneration, and acknow- 
ledge the great genius and ability of the ancient Egyptians in 
the design and erection of these lasting monolithic monuments. 



APPENDIX. 

The following complete translation of the hieroglyphics on the 
J^iidon obelisk is the most recent which has yet been published. 
It is by the Rev. James King, M.A., and copied from his lK>ok, 
" Cleopatra's Needle": — 

East Hide. Central Column. Thothmes III. 

"The Horus, powerful Bull, crowned in Uas, King of Upper 
and Lower Egypt, Ra-men-Kheper. He has made as it were 
monuments to his father Haremakhu ; he has set up two great 
obelisks capped with gold at the first festival of Triakonteris. 
According to his wish he has done it, Son of the Sun, Thothmes, 
beloved of Haremakhu ever-living." 

South Side. Central Column. Thothmes III, 

"Horns, the powerful 13ull, crowned by Truth, Loixlof Upper and 
Lower Egypt, Ra-men-Kheper. The I^ord of the Gods has multi- 
plied Festivals to him upon the great Peraea Tree, within the 
Temple of the Phcenix ; he is known as his son — a divine person, 
his limbs issuing in all places according to his wish. Son of the 
Sun, Thothmes of Holy On, beloved of Haremakhu." 

West Side. Central Column. Thothmes III. 

*' Horus, powerful Bull, beloved of Ra, king of Upper and Lower 
Egypt, Ra-men-Kheper. His father Tuui, has set up for him a 
great name, with increase of royalty, in the precincts of Heliopolis, 
giving him the throne of Seb, the dignity of Kheper, Son of the 
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Sun. Thc*thine&. ihe Lolv, the Just, beloved of the Bexmu of An. 
ever-living." 

XoETH Side. Central Column. TaorHMEs IIL 

" Horas, beloved of Osiris, king of Upper and Lower EgvpC Ra- 
men-Kheper, making offerings, beloved of the gods, supplying the 
altar of the three spirits of Heliopolis, making offerings to their 
Majesties at two seasons of the year, tliat he might re^xtse by 
means of them, with a sound life hundreds of thousands of lesti- 
\'als of thirty years, very many ; Son of the Sun, Thothmes, 
divine Ruler, beloved of Haremakhu, ever-living." 

East Side. Kight-haxd Column. Rameses II. 

" Horus, powerful Bull, son of Tum, king of Upper and Lower 
E^ypt, Ra-user-ma-sotep-en-Ra, lonl of kingly and queenly 
royalty, guardian of Kham (Egypt), cbastiser of foreign lands, 
son of the sun, Ra-meri-Amen, dragging the foreigners of southern 
nations to the Great Sea, the foreigners of northern nations to tlie 
four poles of heaven, lord of the two countries, Ra-user-ma-sotep- 
en-Ra son, of the sun, Ra-mes-su-men-Amen, giver of life like the 



sun." 



East Side. Left-hand Column. Rameses II. 



" Horus, powerful Bull, beloved of Ra, lord of Upj^er and Lower 
Egypt, lord of festivals like bis father Ptah-Totanen, sou of tho 
sun, Rameses-meri-Amen, ix>werful bull, like the son of Nut ; none 
can stand before him, lord of the two countries, Ra-user-niasotep- 
en-Ra, son of the sun, Rameses-meri-Amen.*' 

South Side. Right-hand Column. Rameses II. 

" Horus, powerful Bull, son of Kheper, king of Upper and Lower 
E^^t, Ra-user-ma-sotep-en-Ra, golden hawk, abounding in years, 
greatly powerful, son of the sun, Rameses-meri-Amen ; the eyes 
of created beings witness what he has done, nothing has been said 
against the lord of the two countries, Ra-user-ma-sotep-en-Ra, son 
of the son. Rameses-meri-Amen, the lustre of the sun, like the 
sun.*' 

South Side. Left-hand Column. Rameses II. 

" Horus, powerful Bull, beloved of tnith, king of Upper and 
Lower Egypt, Ra-user-ma-sotep-en-Ra, bom of the gods, holding 
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the country as son of the sun, Eameses-meri-Amen, making his 
frontiers at the place where he wishes — at peace by means of his 
power, lord of the two countries, Ea-user-ma-sotep-en-Ra, son of 
the sun, Ram eses-meri- Amen, with splendour like Ra," 

West Side. Right-hand Column. Rameses II. 

"Horus, powerful Bull, beloved of Ra, king of Upper and 
Lower Egypt, Ra-user-ma-sotep-en-Ra, lord of festivals, like his 
father Ptah, son of the sun. Rameses-meri-Amen, son of Turn, 
out of his loins, loved of liim. Hathor, the guide of the two 
countries, has given birth to him, Ra-user-ma-sotep-en-Ra, son of 
the sun, Rameses-meri-Amen, giver of life, like the sun." 

West Side. Left-hand Column. Rameses TI. 

** Horus, the powerful Bull, son of Turn, king of Upper and 
Lower Egypt, Ra-user-ma-sotep-en-Ra, lord of kingly and queenly 
royalty, guardian of Egypt, chastiser of foreign lands, son of the 
sun, Rameses-meri-Amen, coining daily into the temple of Tum ; 
he has seen nothing in the house of his father, lord of the two 
countries, Ra-user-ma-sotep-en-Ra, son of the sun, Rameses-Meri- 
Amen, like the sun." 

North Side. Right-hand Column. Rameses II. 

" Horus, powerful Bull, beloved of Ra, king of Upper and Lower 
Egypt, Ra-user-ma-sotcp-en-Ra, the son of Ra, bom of the gods, 
holding his dominions with power, victory, glory; the bull of 
princes, king of kings, lord of the two countries, Ra-user-ma-sotep- 
en-Ra, son of the sun, Rameses-men-Amen, of Tum, beloved of 
Heliopolis, giver of life." 

North Side. Left-hand Column. Rameses II. 

" Horus, powerful Bull, son of Truth, king of Upper and Lower 
Egypt, Ra-user-ma-sotep-en-Ra, golden hawk, supplier of years, 
most powerful son of the sun, Rameses-meri-Amen, leading captive 
the Rutennu and Peti out of theii' countries to the house of his 
father; lord of the two countries, Ra-user-ma-sotep-en-Ra, son of 
the sun, Rameses-men-Amen, beloved of Shu, great god like the 
sun." 



PosUcrii t to Pfc>r. FEiCTs-i-yf t'jKr -^ Z>f -^-.-rw'vj. Av. iS7 



XVUI.— Om tke Hrm BKtiamt or tie Ckemkal UTrititiQ* or 
Denwcriius and Storf^us. Bt Professor Fergcson. 



L Is OQDseqiienoe of my ikx haTiog beside me tke copy of the 
1573 edition of Mjianld's JfemtorabiiitLf when the account of it 
given in § 9 was printed, two or three mistakes hare slipped in, 
which I take this opportmiitT of correcting. 

In the third line of the title, the word *'Meiiionbilinn" ought ^to be 
divided *' Memorabi- j livm," as in the 1572 edition, § S. 

In the sixteenth line of the title, '^ Piiinientio '* on^t, of course, to be 
'*Pizimentio/' 

Lastly, in the twentieth and twenty-first lines, *' Coloniae, | apod ** ooght 
to be " Coloniae. | Apod'' 

2. In § 15 it is said that there is no edition of the Greek text 
of the Commentary on Democritns by Synesiua This is an 
error. It was printed by Fabricios, with Pizimenti's Latin trans- 
lation, in the Bibliotheea Grceea, Hamb. 1717, vol. viiL, pp. 233- 
248. 

3. A translation of this Commentary into German was made 
by Dr. Fried. Jos. WiUh. Schroder, and was printed in his Neue 
Samndung der Bibliothek fur die hohere NcUuncissefuchqft und 
ChemiBy Leipzig, 1775. It occupies pp. 431-454, and its title is 
as follows: — 

Die hieroglyfischen Fragmente des Demokritos; oder des Egyptiers 
Synesius Commentar tlber die BQcher des Demokritos von der 
Tinctor des Goldes ond Silbers ; an den Priester Dioskonis. 

In a note Schroder warns his readers not to confuse this 
Synesius and the "Commentary" with the supposititious abbot 
Synesius and the "True Book" which passes under his name. 
In this he is without doubt correct. He says, however, that 
the " Commentary *' is the oldest genuine Greek alchemical tract 
extant, and that the author flourished 250 years b.c. In this he 
is without doubt wrong. 

4. Of the "True Book" itself I have met with other two 
editions. 
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In 1682 P. Ai-nauld's collection was re-issuetl with the following 
title-page : — 

Philosophie Natvrelle de Trois Anciens Philoaophes Keuommez Artephius, 
Flamel, k S3ruesiu8, Traitant dc TArt occulte, & de la Trausmutation 
nietallique. Derniere edition. Augmentee d'un petit Traite du 
Mercure, & dc la Pierre des Philosophes de G. Ripleus, nouvellement 
traduit en Francois. A Paris, Chez Laurent d'Houry, sur le Quay 
dea Augustins, a Tlmage Saint Jean. M.DC.LXXXII. Avec 
Privilege dv Roy. 

It is a thin 4to of 106 pages. Le Vray Livre of Synesiua 
occupies pp. 89-98, and at the foot of p. 98 i.s the date, 6 Avril^ 
1659. So that, although professing to be a new edition, this 
seems to be merely the suq)lus copies of the edition of 1659, to 
which Ripley's tract has been added and a new title-page 
pi-efixed. 

5. The German translation of Flamel and Synesius by J. Lange 
(§16) was first printed at Hamburg, "In Verlegung Adolph Hartels, 
Anno 1681." In this edition there are two titles; the first, which 
is printed in red and black, is dated 1681 ; the second, 1680. Tlio 
translation of Synesius is contained in pp. 89-109. 

These difierent books, which I have recently examined in the 
British Museum, fall to be inserted in their proper places in the 
list of editions of Synesius given in §18. 

6. In ii 8, in tlie twentieth line of the title of Mizauld's work, 
*' Colonia*" ought to have been printe<l " Coloniao." 

(jLAscjow, May Sth, ISSJ. 
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XIX — On produd'iig Cast tSteel or Inpot Irmi from Cnt^e or 

Pig Iron. By William Gokmak. 



[Ilead before the Society, 15th April, 188.5] 



Whek air is forced through molten pig iron, as in the Bessemer 
process — saj, 8 tons can be refined in about 20 minutes, but by 
the open hearth process 8 hours would be required to refine an 
equal wei^t, if run molten into the refining furnace, but if the 
^g iron iras diarged cold, 1 2 hours would l)e necessary to produce 
gteel from a similar charge of iron. 

In the Bessemer process about 22| cwts. crude iron is required 
to produce a ton of steel, 2 J cwts. being oxidised by the air, viz., 
about \\ cwts. of silicon and carbon, and about \\ cwts. of pure 
iron. 22i cwts. of crude iron treated with air produces about 2 J 
cwts. silicates of iron. 

In the open hearth process, as practised by Martin, pig iron is 
fused with iron or steel scrap and kept in a molten state till the 
metal arrives at the proper degree of refinement to form the quality 
of steel required. 

In the Siemens' process about 3^ cwt^s. of hematite ore are added 
per ton of iron to form a ton of steel. 

Other plans which are under trial are modifications and com- 
binations of the Bessemer and open hearth processes. 

The Bessemer process provides means for actively oxidising the 
carbon and silicon of crude iron, but the open hearth process does 
not provide means for oxidising those substances, as the iron, so 
soon as it is melted, is covered over with a silicious cinder which 
protects it from the atmosphere of the furnace, and as the metal is 
contained in a sand bottom it is completely sunx)undeil with silicic 
acid, so that it is obvious that the carbon contained in the iron can 
only get oxygen for its combustion from the silica being i^uccil 
by the iron as it is when raised to a high temperature. The 
silicium thus produced again obtains oxygen from the flame of the 
furnace to form silicic acid or slag. 

Thus far the open hearth process is defective, viz., that no 
provision is made for directly effecting the oxidation of the im- 
purities contained in the crude iron. 
Vol. XVI. T 
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This pi*ocess has been improved by the late Dr. Siemens, Ijy 
introducing hematite ore into the bath of iron, the oxygen of whicli 
provides the necessary means of oxidising the carbon and silicon, 
but as the silicic acid surrounding the metal has a great affinity for 
iron oxides a great part of the ore introduced goes to foi-m silicates 
or slag which retard the oxidation of the carbon and silicon and 
prevent the escape of the sulphur and phosphorus. The ore must 
be used cautiously as silicates dissolve the sund lining and brick- 
work of the furnace. 

The production of steel in the open hearth is at present in 
the same state that the puddling of iron was pi*evious to the 
introduction of iron bottoms to puddling furnaces by Rogers. The 
sand bottom previously used vitiated the process, but by the use of 
iron bottoms, protected )>y iron oxides, the puddling was improved, 
so that a much greater quantity of iron could be made in a given 
time and of a much superior quality. 

It is the presence of silicic acid whicli prevents phosphorus and 
sulphur from being removed in both tlie Bessemer and open hearth 
processes. 

Thr New Doublk Hefinixg Process. 

In order that iron may be refined with certainty and despatch, it 
is proposed to remove the silicon from crude iron in a separate 
hearth, and then to run the desilicunsed iron into a liearth lined 
with oxides of iron by which the silicon, carbon, phosphorus, sul- 
phur, ttc, may be oxidised and removed from the iron to any extent 
required. 

I have designed and drawn a furnace with two hearths — one 
placed at a higher level than the other — in which the crude iron 
may be melted and treated with blasts of air or steam, or with iron 
oxides, for oxidising the silicon from the iron. 

In either case, when the iron is freed from silicon it is run into 
the second hearth, which is lined with iron oxides, no silica or 
slag (which can be prevented) being allowed to enter into the second 
or refining hearth. 

The first or raised hearth may be lined with silicious sand if 
blasts of air or steam are used for removing the silicon. 

The second or lower heai*th is cased in iron lined ^vith oxides of 
iron, such as hematite ore or other peroxides of iron, as free from 
silica as they c«in be obtained, coiTesponding somewhat in fettling 
to that of a puddling furnace; and as a further protection to the 
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iron casing of the hearth, it may be lined with refractory brick or 
other basic materials. 

The two hearths, as shown, are heated with one flame for 
economy, but separate furnaces may be used, in one of which the 
iron may be melted, and the silicon removed by blast or iron oxides 
as above provided for. Metal may also be run into this furnace 
from a blast furnace or cupola, and the metal when treated and 
freed from slag, may be run into the fining furnace, having a hearth 
lined with iron oxides as before described, or, the metal from a 
blast-furnace or cupola may be run into a ladle or converter, and 
treated with blasts of air or iron oxides in the same manner to 
remove silicon, Jbc. The metal, when desilicurised and free from 
cinder, may be raised if necessary, and poured or run into the fining 
hearth to complete the refining, after which it may be run out into a 
ladle and ferro-manganese or spiegeleisen added in the usual manner. 

From the foregoing it will bo seen that it is proposed to refine 
crude iron in two operations. In the first, the iron is to be freed 
from Silicon, or nearly so, and then the partially refined iron is to 
be transferred into a hearth lined with iron oxides, and, if 
required, suitable iron ores may also be introduced into the fining 
hearth, to complete the refining of the iron. 

Having thus explained the general nature of the proposed 
process, it may be necessary to follow the subject more in detail. 

It has been found from all the difierent methods of refining 
iron that the Silicon is the first impurity which is oxidised from 
the molten metal, and it docs not pass away in a gaseous form, 
but remains in the hearth or bath of metal as silicic acid. 

The silicious cinder or slag thus produced not only covera the 
bath of metal, and prevents the access of oxygen to the other 
imparities contained therein, as formerly seen, but it provides a 
harbour which retains the phosphorous and sulphur, and prevents 
their escape even after they are oxidised by oxygen, whether it is 
forced into or up through the bath of metal. 

If this silicious cinder were removed from the iron, the sulphur 
and phosphorus might escape when oxidised, but so long as it is 
allowed to remain in contact with the iron, those substances are 
intercepted, reduced, and retained by the iron, so great is their 
mutual affinity. 

Refining. 

To get rid of these pernicious ingredients, the usual practice is 
to dilute the silica with strong basic material, oxides of iron 
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V>eiug generally used. In the ordinary vefinery, molten cast-iron 
is blown into with an air blast, by which the silicon, sulphar, 
and phosphorus are oxidised, but although they are oxidised, they 
cannot escape, as the silicious slag intercepts and returns them 
to the iron, as formerly mentioneil; but the iron is also oxidised 
by the blast, and by continued blowing there is so much oxide 
of iron produced that the acid properties of the silicious slags 
are neutralised. 

The basic cinder thus produced, assisted with iron oxides from 
former operations, unites with, and is capable of retaining and 
carrying away about 50 per cent, of the sulphur and phosphorus 
of the original pig-iron, but this is effected at a loss from oxidation 
by the blast of 2 to 2 J cwts. of iron per ton of refined metal, besides 
oxides. 

Puddling. 

This i*etined iron is much easier puddled, but the expense of coke 
and the loss of iron in the refinery operates against the double pro- 
cess. It is found that by roasting refinery, and puddling slag or 
cinder, that it can be used in the puddling hearth to refine the iron, 
and thus obviates the expense of coke and loss of iron in the refinery, 
and hence " pig boiling " is superseding that older process. 

In puddling pig iron the refining of the crude metal is done in 
one hearth, and at one operation, the bottom or hearth (of iron) is 
•* fettled '■ or lined with iron oxides, viz.: — roasted tap cinder 
(bulldog) covered over with red ore, as free from silica as possible; 
the bottom of the hearth is also covered over with iron oxide 
produced from scra^viron, which is usually oxidised in the furnace. 
When the pig-iron to be puddled is melted on this "fettled*' 
hearth, the most part of the silicon is oxidised at once, and it is 
also neutralised by uniting with the oxides of the fettling, forming 
a highly basic cinder, or slag, which provides the means necessary 
for the retention or escape of the sulphur and phosphorus from the 
iron when they Hi*e oxidised. As iron oxides are freely supplied 
in this pig-boiling process, it is not necessary to bum iron to 
supply oxides, and with good puddlers the sulphur and phosphorus 
are practically removed, but to effect this a large amount of 
oxides of iron is required. 

It will be seen from this brief description that the puddling 
process is really a basic one, and that the refinery is also basic, as 
far as it goes, and the Thomas and Gilchrist basic process is simply 
a means of neutralising the acid ])roperties of silicic acid, with 
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basic material — principally lime. Any other methods of removing 
sulphur and phosphorus, having a prospect of success, depend on 
the same old-established and long-practised principle for over- 
coming the i)ernicious effects of the presence of silicic acid, by 
diluting it with oxides of iron, thus forming a slag or cinder, the 
basic properties of which unite with the sulphur and phosphorus 
when they are oxidised, and prevent their returning to the iron- 
In his late comprehensive work on the Manufacture of Iron 
and Steel, Mr. I. Lowthian Bell gives six diagrams of the different 
methods of purifying iron, viz. : — *' Purifying at Clarence," 
" Bessemer Basic," " Bessemer Acid," ** Mechanical Paddling," 
" Refinery," and " Hand Puddling." 

In all those processes, except the " Bessemer Acid,'" which does 
not remove sulphur or phosphorus, a large amount of iron oxides 
is used, ranging from 4 to 1 6 cwts. per ton of iron refined. 

The most remarkable process is that of Mr. Bell, " Purifying at 
Clarence, * in which 10 cwts. ordinary Cleveland cast-iron (molten, 
of course) was treated in a revolving puddling furnace with 4 cwts. 
oxide of iron for 5 or 6 minutes, when the whole was run out. It 
was then found that the iron had lost of its original quantity of 
carbon only 5 per cent.; silicon had lost 99 per cent.; phosphorus 
had lost 95 per cent. The details of this remarkable process are 
given at pages 401 to 405 of the work above referred to, and cer- 
tainly it is far in advance of any of the other methods for rapidly 
purifying iron. It will be observed that only 5 per cent, of the 
carbon is removed by the process, so that after the purified iron 
is freed from cinder the fining is completed in another hearth, 
and spiegeleisen or fenx)-manganese added in the usual manner. 

This process refines the iron by two stages. In the first stage it 
purifies the iron from silicon, phosphorus, and sulphur, using about 
8 cwts. iron oxides per ton of pig. In the second stage there is 
still 3*325 per cent, of carbon left in the iron, which is oxidised 
by the flame of the second furnace, aided by iron ore as usual. 

No further details are given of this interesting process except 
that it has been put in practice on a large scale by Mr. Kinipp, of 
Essen, and Mr. Holley, in the United States. From this general 
summary of the difterent methods of purifying iron it will be seen 
that, owing to the presence of silicon in crude iron, a very large 
amount of iron oxides, say from 6 to 16 cwts. per ton of pig 
refined is required to saturate the silicic acid produced by the 
oxidation of the silicon. The facts are also well established. 
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that when cinide iron is surrounded with a basic cinder, the 
impurities — silicon, sulphur, and phosphorus — leave the metal and 
enter the cinder. It is also well known that the silicon can be 
oxidised from the iron by oxides of iron, by air blast, or by steam 
in a few minutes, so as to leave but a small fraction, say *007 per 
cent.; also, that the silicic cinder floats on the top of the iron before 
the boil, and that the iron can easily be run separately from it into 
a hearth lined and containing oxides of ii-on as proposed, thus 
surrounding the desilicurised iron with highly basic cinder, by 
which means the iron can be purified in a rapid and economical 
manner. 

The small amount of basic cinder necessarily produced will be 
available for further use as it will not be saturated with silica. 

So long as steel is made by the Bessemer process a large amount 
of carbon and silicon requires to be present in the pig to supply the 
heat required, but if the heat is produce<l from coal and the iron 
refined in a hearth, lined with iron oxides, <S:c., as herein proposed, 
a pui^r class of pig iron may be used with advantage. 

Some iron-masters think that good iron or steel cannot be made 
except with good charcoal or hematite iron, and that iron made 
from clayband or blackband ores is weak, and will not make steel 
that will stand the usual tests. 

I have been working for a long time on the question of smelting 
iron ores, and I have made many practical experiments to determine 
the best and most economical way of producing pig-iron, and believe 
that the quality of iron for any particular puqwse depends on its 
chemical constituents. 

I would ask your attention in refening to copies of two analyses 
by Dr. Wallace of pig iron produced froui raw blackband ores in a 
small blast furnace on my plans when experimenting at Gart- 
sherrie. From those analyses it will be seen that the iron is of 
a veiy superior quality, and would contrast favourably with many 
charcoal irons, except for the sulj)hur and phosphorus. The silicon 
in the first sample, date 1869, was as low as '52 per cent, and 
that of the second sample, 1874, is still lower, being '44 per cent 
The iron is remarkably strong and not brittle. See Report on 
Analvses ))v Dr. Wallace: — 

» ft 

•• Chemical J^aboratory, 42 Bath Street, 
•• OlaHgow. 24th Nov., 1869. 

*' Report on tht* (Jheniical Analysis of a Sample of Metallic Iron, 
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'* This speciiutm of metal is e^ideI}t} v a Idnd of pig iron, and i$» 
renaskhkA^ for the veix smaU jiroporcian of siliooTi ix coTitaiiiK. 
XociritliBtBiiding this, howerer. it could not be canploTwi for tJw 
spociaJ pUTTKiBes for vhich fine h€ixiat3T.e pi^r-iron isj wwvi, iti <vwi«*- 
qocnoe of thf ]ihosphanif it containfL 

• ( Signed ) WI LLI AM WALL AOK. 



•• < 'hemical Laboratorr. 42 Bath Stw«H 
"Glasgow, 28th F<^K, ISTi. 

'• Beporc on the Chemical Analysis of a S«mplc of Pig iron* 
prepared direct bj new process from BB ironstone, received on the 
18th inst from Messrs. William Baird i: Co.. Gansherrie 



Iron. 

Manganese, 

Sulphur. . . . 

Phosphorus. 

Silicon. 

Carbon, graphite. 

Carbon, combined 



iU 



I 90) 
b24 • 



72 
44 



nu 



100 



'' Remarks. — This pig iron is remarkably hard, and yet is not 
brittle. The pig could not be bored, and a sufHcient quantity of 
fine powder for analysis was only obtained with great labour, by 
first breaking into coarse pieces with a sledge-hammer, und after 
reducing them in a mortar of very hard-tempered steel. It con- 
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tains a remarkably minute propoi-tion of silicon, and that of carbon 
con-esponds to the amount in No. 3 and No. 4 iron. 

• Signed) WILLIAM WALLACE." 

I submit part of a small pig of grey ii*on made at a later period 
from raw blackband ores. This sample was also made at Grartsherrie 
Iron Works, the coal, ore, 6ic., being all carefully weighed, and the 
ton of this ii-on was pi*oduced with about 27 cwts. of coal in a 
furnace 10 feet high, with reducing ovens on the top, drawings of 
which are submitted. 

The analysis of this iron was not obtained, but- in trials by the 
sledge hammer it was found quite equal to hematite iron in strength 
and tenacity. Mr. Young, the furnace manager, hammered at 
this piece of pig till he was tired, and the writer also had some 
hard blows at it but could not break it. You will observe that it 
is slightly bent from the hammering to which it was submitted. 

I bring forward these examples to prove that strong iron can be 
made from carbonaceous ores, and it has been previously shown 
that sulphur and phosphorus can be easily and quickly removed 
from iron in a molten state if the silicon when oxidised is saturated 
with iron oxides, but it would be much better if it was not present, 
or removed previous to refining. 

Mr. Bell found the action so violent when he run molten Cleve- 
land pig iron into a converter with oxides of iron that much of 
the iron was projected out of the vessel ; and when he attempted 
to blow the iron, so as to oxidise it and obtain a basic cinder, the 
oxide of iron thus produced attacked the lining of the convertor; 
and, although 25 per cent, of the iron was oxidised, the silica in 
the cinder had only fallen to -10 per cent. 

It is found that so long as the cinder contains 30 per cent of 
silica — .suli)liur and phosphorus cannot be removed from the iron, 
but by oxidising and removing the silicon all the above difficulties 
are easily overcome by the use of iron oxides. Many of our 
ordinary ores are well adapted for remo\ang sulphur and phosphorus 
after the silicon is removed from the iron. 

By removing the silicon and refining the desilicurised iron with 
oxides of iron as before described, any class of iron can be cleared 
of impurities to the extent required for making iron or steeL I 
have not written sufficiently clear if it does not appear that the 
iron-master has all the materials at his command for making the 
highest class of steel or iron in the most cei*tain and economical 
manner by the above double refining process. 
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XX. — On the Ueat-Kestorlng Gas Furnace, and Heating by 

Radiation, By William Gorman. 

[Read before the Society, 15th April, 1885.] 



In a paper lately i-ead before the Ii*ou and Steel Institute by 
Mr. F. Siemens " On a new method of heating the Regenerative 
Gas Furnace,'' it is stated ** that from experience gained in the 
practical working of this class of furnace, after long and careful 
trials, he has satisfied himself that they should be arranged so 
that the flame should only radiate heat upon the material to be 
heated or melted, and not come into actual contact with it, as has 
hitherto been the case." Siemens' Regenerative Furnace and the 
Heat-restoring Furnace ai-e both designed for returning part of 
their escaping heat, for economising fuel, and producing high 
temperatures. The principle is the same, but carried out 
differently. " Diminishing the consumption of fuel " by heatin'g 
the air required for combustion by the waste heat of furnaces on 
what is called regenerative principles, was the subject of a patent 
granted to Robert Stirling, of date 27th day of September, 1816, 
from which the following is extracted — First modification — 
" AB is a pipe channel or passage. The hot liquid, gas, or body 
to be cooled is by any means caused to enter the passage at A, 
and to pass along to its other extremity B. In its progress it 
gives out it« heat to the sides of the pcussage or any bodies con- 
tained in it, and issues at B at nearly the original temperature 
of the passage. When the temperature of the passage at B has 
been raised a few degrees, the motion of the fluid from A to B is 
stopped, and a portion of fluid, which is required to be heated, is 
made to traverse the same passage in a contrary direction, i.e., 
from B to A, by which means it receives heat from the sides of 
the passage or bodies contained in it, and issues at A at nearly 
the same temperature with the fluid to be cooled." Second modi- 
fication — " The second modification consists in interposing a thin 
plate of metal, or other materials, according to circumstances, 
between two currents of liquid, gas or vapour, which arc caused 
to run in opposite directions." EHOugh has been quoted to show 
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Gus Furnace'' prior to 18th April, 1871, at which date I I'ead a 
paper before ** The Institution of Engineers in Scotland " on the 
above furnace, giving drawings and examples of the performance 
of two furnaces heating iron for rolling mills during two weeks, 
and from these examples it will be seen that less than 3^ 
cwts. triping coal were burned per ton of iron heated for rolling, 
and about one cwt. per ton less of the iron was wasted by heating. 

This great and unprecedented economy was not obtained from 
radiated heat alone, as the interior of the furnace was formed so 
as to reflect or reverberate the heat on the iron, and the outlet 
for the used gases was made of small dimensions, and placed below 
the level of the bed of the furnace, so that the hot products of 
combustion were confined to prevent the access of atmospheric 
air, and flU up the body of the furnace, and materially assisted 
in heating the iron before they escaped to the restorer, or as it 
18 usually but improperly called, the regenerator. Thus three 
effects of the heat were brought to bear on the iron, viz., 
the racUated, the reverberated, and the conducted heat. Owing 
to the large percentage of oxygen contained in Scotch coal, 
fully 10 per cent, or 2 J cwts. of water or ammoniacal liquor are 
produced per ton of coal from distillation. The formation of 
this liquor not only carries off about 27 per cent, of the heating 
power of the coal, but the steam or water so formed mixes with 
the gases, and requires to be raised to the highest temperature of 
the furnace, and from its high specific heat carries off a large part 
of the heat of the combustion, thereby lowering the temperatui'e 
of the flame. Consequently Scotch coal is placed at a great dis- 
advantage when compai*ed with Newcastle or Durham coal, which 
contains only about half as much oxygen. The economy of the 
heat-restoring furnace would be about a third higher if it was 
tested with the English coal above referred to. 

Economy in fuel is of the first importance, and it has been 
brought to the highest perfection in the heat-restoring furnace. 
Still, to reduce the waste in heating iron and to improve its 
quality is of equal importance, and those objects c€ui only be 
obtained by procuring a suitable flame and atmosphere for heating 
the iron. The Gorman Furnace fulfils those conditions to a 
greater extent than either the common or the Siemens', for the 
following reasons : — 

In the common furnace usually twice the quantity of air 
required, passes through the fire, so that the flame and products of 
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combustion pixxlucc a highly oxidising atmosphere, which at high 
temperatures oxidises or bums the iron which is being heated less 
or more, and tlie saving of the iron from destruction when heated 
in such an atmosphere depends on the care and skill of the heater. 
In tlie Siemens* Furnace the volatile carbon of the coal in tar, 
naphtha, tfec, is absti'acted jirst by the gases being cooled for 
creating a plenum of pressure in the furnace, by which they are 
condensed and lost for use in tlie furnace / secoiuHy^ by being 
heated in the regenerators. It is well known that coal gases 
deposit their carl)on in a solid form when they are heated to and 
alx)ve a i-ed heat, and when the currents are reversed the solid 
carbon deposited on the hot brickwork of the regenerator by this 
means is converted into carbonic oxide by the current of hot 
carlK)nic acid products of the combustion pi*oceeding from the 
furnace. This chemical action lowera the temperature of the 
escaping gases so as to indicate that nearly all the heat of the fuel 
has l>een expended in the furnace, whilst in reality a large part of 
the most valuable heating power of the coal does not get the length 
of the furnace, the carlK>naceou8 gases lieing partly condensed by 
cooling, and deposited by heat in the I'egenerator on their way to 
the furnace, as above explained. I believe the loss of fuel in this 
way is veiy considera>)le, but possibly a worse consequence is that 
the atmosphere produced from the combustion is deficient in 
carbon — for instance, 20 cwts. average Scotch coal contain solid 
carbon 10*038 cwts., volatile do. 5*668 cwts. = 15*706 cwts., 
hydrogen 1*122 cwts., oxygen 1'938 cwts. 10O38 cwts. 
solid carbon requires 26*768 cwts. oxygen to form 36'806 cwts. 
CO2 ; then if we allow that the carbon of the coal gaaes is con- 
densed and deposited, as above explained, we have only the 
hydrogen to consume to produce water gas, so that 1*122 H. will 
produce 10*098 cwts. water gas or steam ; then, omitting nitrogen, 
sulphur, and fractions, we have 36 cwts. CO^, and 10 cwts. HjO 
in the atmosphere of the Siemens' Fui*nace. In the Gorman 
Furnace no loss of carbon takes place in the manner above 
explained, so that we have to add the products of the combustion 
of 5*668 cwts. volatile carbon, amounting to 20*782 cwts. CO.j to 
that from the solid car l)on, amounting to 36*806 = 57*588 cwts. 
CO2, so that the atmosphere of each furnace stands thus : — 



Siemens'. 
36*806 cwts. COo. 
10*098 cwts. water ga^, or steam. 



Gorman's. 
57*588 cwts. COj. 
10 098 cwts. water gas, or steam. 
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The above are the products of combustion iii each furnace from 
one ton of average Scotch coal, and show a large preponderence of 
the carbon gases over the hydrogen gases in the Gorman Furnace 
as compared with the Siemens' Furnace, and what is of importance 
to note is that carbon unites with iron and protects it from its 
natural enemy, oxygen; whereas hydrogen does not unite with 
iron, and the water or gas can only do injury to the iron, the 
oxygen being in such large proportion. These are not conjectures, 
but scientific facts amply supported in practice. It is not asserted 
that the carbon of the coal is condensed, deposited, and dissi{>ated 
in Siemens' Furnace to the exact extent as that stated above, the 
loss may be less or more, but the flame of Siemens' Furnace does 
not contain the same amount of carbon in proportion to the 
hydrogen, and it is therefore not so well adapted for heating iron 
as the heat-restoring gas furnace. A forger who worked my 
furnaces in Messrs. John Elder k, Co.'s works, and who had worked 
a Siemens' Furnace at the Govan Iron-works for years, stated that 
the Gorman Furnaces heated iron for welding in a far superior 
manner to the Siemens' Furnace, that the flame did not dry the 
iron in heating as in Siemens' Furnace, but produced, as he called 
it> a "sappy heat." A roller in the Clydesdale Iron- works stated 
that iron made with the Gorman Furnaces was far superior to that 
made in common furnaces, and gave as an instance that when two 
piles chanced to come in contact at a welding heat when turning 
them over in the furnace that they got welded together so that 
they could scarcely be separated, the iron was so tough and the 
welding properties so well developed and preserved by the superior 
flame of the heat-restoring furnace. 

It is of great importance that iron should be heated by carbona- 
ceous gases, as a very small addition of carbon to iron strengthens 
and toughens it, causing it to partake of the properties of steel, but 
a very minute trace of oxygen in iron has just the opposite efiect, 
as it weakens it and makes it brittle and of the nature of burned 
iron, which is simply iron in union with oxygen. 

I have brought two specimens of puddled iron. The square 
bar contains a small percentage of carbon. It may be worked 
in any way, as it is strong and ductile, and of the nature of 
steel, and is neither red short nor cold short. The other specimen 
is part of a boiler plate, which I believe was at one time quite 
equal to the square bar in quality, but it has been kept for months 
at a red heat exposed to the air. It does not difler from the square 
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bar in fracture to an unpractised eye, but it is red short, cold short, 
and totally useless — is in fact burned iron, but burned at a low 
temperature. It is as brittle as cast-iron ; all that is wrong with 
it is that it has lost its carbon and united with a small amount of 
oxygen ; but if it were heated in carbon for some time it would 
recover its malleable properties, and if heated long enough sur- 
rounded with carbon it would become steel, and ultimately cast- 
iron. 

Bessemer blown metal is simply burned iron until ferro-manga- 
nese or spiegeleisen is added to extract the oxygen and to add 
carbon; and the same remark applies to steel produced by the open- 
hearth process. It will thus be apparent that iron should be heated 
with a flame containing the greatest amount of carbon possible. 
If iron could be heated for welding with coal-gas, without the 
addition of oxygen, it would become steel at once, and there 
would be no waste of iron in heating. A furnace about 50 feet 
long, wrought at both ends, was erected in England some years 
since, and for a trial an angle bar about 35 feet long was put in 
at one end, and a flooring plate about 20 feet long was put in at 
the other end at the same time. The heat was so intense that in 
less than three and a half minutes they were welded together, 
and had to be drawn bodily out of the furnace and separated with 
pinches. This trial is referred to to show the powerful efiects of 
radiated heat in the Gorman Furnaces, as the jets of flame were 
projected about three feet above the working bed, and could not 
during combustion get near the iron ; but of course the heat was 
reverberated from the roof and side walls of the furnace, and the 
heat from the products of combustion also assisted in producing 
the results. A heat-restoring furnace, oi feet wide by 8 feet 
long at the greatest width and length, will heat 35 cwts. of iron 
piles in from 19 to 20 minutes; but Mr. M*Corkindale, at the 
Clydesdale Iron-works, found it necessary to keep the flame 
of the furnace at a considerable distance from the iron, and has 
raised the roof of his furnace to about four feet from the 
working bed, so that all the heat possible from radiation is 
obtained, and there is no possibility of the flame coming in contact 
with the iron whilst undergoing combustion. The products of 
combustion are confined in the furnace, so as to exclude the 
atmospheric air, which, with the reverberation from the side walls 
and roof of the furnace assist in heating the iron and economising 
fuel, and he has succeeded so well in those particulars that he 
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Jbelieves no other furnaces need be put in competition with them 
for economy and efficiency. Mr. M'Corkindale has also lately 
erected a Gorman furnace for heating steel ingots, in which 35 
tons of steel can be charged and heated at once. It is fired in the 
centre, and the heat goes to both ends, or it can be passed more 
to the one end and less at the other as desired, in the manner of his 
shipbuilders' furnaces. If this furnace were worked at both sides 
it would heat 70 tons of steel ingots at a charge, and work more 
economically, as it is found from experience that large furnaces 
require less fuel in proportion to the work done than smaller 
furnaces. There is no difficulty in designing these furnaces of 
any size required, however large. The heat-restoring gas furnace 
is as simple in form and constniction as the ordinary' puddling, 
heating, or reverberatory furnaces, and only differs from ordinary 
furnaces by the fire-place being made deeper, so as to produce 
combustible gases from the fuel, which gases are completely burned 
in the working chamber of the furnace by a further supply of 
highly-heated air, which is heated in the restorer or regenerator 
by the waste gases (after they pass from the working chamber of 
the furnace), and ultimately mixes with the gaseous fuel, so as to 
insure complete combustion in the furnace. The restorer is 
obviously the part of the furnace which requires the most care in 
construction, so as to completely separate the ingoing air from the 
outgoing waste gases. The ordinary time that the restorer lasts 
is about two years, although it has lasted for five years without 
repairs, and in consequence of the superior quality of the flame a 
furnace has lasted an equal length of time without requiring to be 
overhauled. Ordinary furnaces doing the same work last about six 
months. Perhaps the greatest trouble experienced is the working 
of the gas producer, as it differs so little from an ordinary fire that 
the workmen (who generally work the producer as well as the 
furnace) incline to work it like an ordinary fire and bum the fuel 
entirely on the grate, or nearly so, and thus they upset the whole 
arrangements; but when the simple form of gas producer shown is 
properly worked, and the fuel kept filled up level with the firing 
door, it is quite as effective and makes as good gas as larger and 
more expensive producei-s. From the difficulty of getting work- 
men to take an interest in making the gas properly, it may be 
better and more economical, both in space and labour, to produce 
the gas apart and lead it into the furnaces, and thus the puddler or 
heater would have more time to look after his furnaces, and could 
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prodilce morq iron in a shift if he wished to do bo, but iron workers 
incline to limit the production of iron, and this gives a great 
advantage to the producers of steel, as its make is not limited in 
any way. Scotch coal contains from 2^ to 4^ cwts. water per ton 
of 20 cwts. This great amount of water lowers the temperature 
of the furnace besides vitiating the furnace gases as before stated. 
I have designed a gas producer by which the watery gases can 
be withdrawn from the furnace gases, which will then be better 
adapted for all forging, puddling, welding, or heating purposes. 
The fuiiiace itself lias also been experimented on with a view to 
further improvements, and I hope soon to see its use much more 
extended for the benefit of all concerned. The heat-restoring gas 
furnace is equally adapted for producing steel or ingot iron on the 
open hearth, to which purposes it is intended to apply it as soon 
as circumstances will permit; and when the improvements on hand 
are completed in practice it is expected that iron and steel will be 
produced from common bmnds of pig-iron by a process superior 
to any at present in use. 
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[Kcad before the Society. 29th AprX ISsa.] 



Ih the report of the Bojml Smitazr Commission of 1S69, presented 
to Paiiiament in tbe sesion 1870-71, the following important stat^ 
ments in regmrd to uncertified deaths were made : — " It is important 
that there should be no 'uncertified' deaths, that is» no cases in which 
deaths and their supposed causes are reported to the r^istrars by 
anj other than the medical attendant of the deceased person, or 
some qualified medical man. In everv such case, tkert U Hoi on/y 
a f<Mct lost to the Mtaiisties on which a part of the studjf of pMic 
health i$ based J hvt a great opportunity permitted for fraftd and 
crime,'' 

In contrast to this ideal condition there has always been in 
Scotland a very large number of uncertified deaths. In these 
recent years, since the passing of the Friendly Societies Act in 
1876, not so large a number certainly, but one which is ex> 
oeedingly large, and very much larger than ought to be, consistent 
with the interests of the State and the citizen. Scotland, indeeil, 
has so long been notorious for this state of things, that the English 
medical press has not missed an opportunity of saying so, and 
pointing at this part of the realm the finger of derision; this, 
however, would be a little matter were it not well deserved. 
And Scotland, too, has long ago recognised this evil, but has as yet 
been unable to command any legislative change in this direction. 
Indeed, the necessity for some change in the existing registration 
law has again and again been forced on the minds of those who 
interest themselves in public health statistics, and who can see 
in the existence of the present condition large opportunities for 

Vol. XVI. r 
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the commission of secret crime or culpable neglect ; and further 
than this, because of it. feel themselves unable to consider the 
statistics of the Scotch R^istrar -General as being, in many 
respects, a true index of the national health. 

No one will gainsay that any number, however small, of un- 
certified deaths in a statistical report which is intended to show 
the true cause of death of every person embraced in it, always 
makes that report so far incomplete from those links of the 
statistical chain being awanting; and further, that in this number 
there is the concentrated possibility of crime or culpable n^lect, 
or to estimate this view at its lowest ^-alue, there is afforded the 
highest ground for suspicion ; for deaths certified by some part of 
the machinery recognised by law make no one anxious, but those 
that are uncertified — those of the causes of which there is no 
official cognizance — afford room for anxiety. 

It seems to me that a State ought never to be in such a position 
as to be compelled to own that it cannot satisfactorily account for 
the cause of death of every being within its jurisdiction. This is 
the present position of Scotland. Again, the larger the number 
of uncertified deaths under a given system of legal r^istration 
which is calculated to cover the whole ground, the greater the 
evidence either that its machinery is not being worked efficiently, 
or that there exists some defect in the law which requires altera- 
tion. This is what I will try to show in this paper. 

Of this certainly nothing can be gainsaid, although some may 
differ from the previous propositions, that a blot exists in our 
present I'egistration laws, and that blot is the great number of 
uncertified deaths. 

I pix>iK>se to discuss tiie subject in the following manner : — 

I. — Uncertified dcatlis ; what is meant by the term, and how 
they have been formerly dealt with in the Reports of the Scotdi 
Registrar-General. 

II. — How far such deaths obtain in Scotland. 

III. — How far such deaths obtain in England. 

IV. — The different factors which operate in these countries, 
after registration, to reduce the number of such deaths : — 

a. Tlie Registration Acts. 
h. The Coroner^s Inquest, 
c. The Enquiry of the Procumtor-Fiscal. 
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V. — Whether thei*e should be instituted in Scotland some 
further check to the registration of uncertified deaths. 

VI. — The state of public opinion on this subject. 

VIL — In what manner the check should be applied ; and 

VIII. — What direction reform shall take, and how it may be 
accomplished. 

I. — What is an " uncertified " death ] 

A death is said to be uncertified when the cause of it has not 
been certified, either by a registered medical practitioner or by the 
Procurator-Fiscal, in Scotland ; or by a registered practitioner or 
the Coroner, in England. The Scotch Registrar-General, how- 
ever, in his weekly Reports, uses this term in a broader sense. He 
includes under it all cases classed under the following heads : — 

a. No medical attendant 

6. No regular medical attendant. 

c. Dispensary patient. 

d. Not certified. 

e. No qualified medical attendant. 

f. Not yet certified. 

Thus it will be seen that he includes those cases of death where, 
although the person has been attended during his last illness by a 
registered medical practitioner, the certificate of the cause has not 
been forwarded up till the time of issuing the weekly report. So 
that the numbers of ^^ uncertified " cases in these reports are mis- 
leading, since they are afterwards reduced — 1st. By the certificates 
that are afterwards sent in by medical men ; and 2nd. By the 
reports of the Procurator-Fiscal. And, up till a very recent dcUe, 
there toas no possibility of getting any officially correct figures, or 
indeed any figures at all relative to this class of deaths, other than 
from the weekly reports. 

The Laticet, the leading organ of the medical profession in 
England, using the figures from these reports — being the only 
data obtainable — showed a very alarming state of things in Scot- 
land, and made out a very bad case against Scotland. (Lancet, 
vol. I., 1883, p. 1,106). The charge it made was that ^*the 
Registrar-General (for Scotland) is officially ignorant on the whole 
matter " ( of uncertified deaths), that onefifth of the total deaths in 
Scotland are uncertified, and that, consequently, Scotch statistics 
were practically of little value. 
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This table w^s »:> sdarming xh^i it compelled oonsidefable 
Attention, and was partly the cause of this enqoinr. I have 
already mentioned that the Scotch Registrar-General had taken 
r;o^iizance of such deaths in his weekly reports, bat it will 
nur^ttim even^'one to learn that up till \mthin the last three month* 
in t/ie$ef ami tluse only, of all the fffficial reports emanating from 
hiti liurnnu did there exist any notice of this subject; hithertOj in 
his f/iuirterly an^l annual reports the subject was not noticed. In 
fiMft, wlicn thiH i'nquiry was commenced in the beginning of 1884, 
lliitt'M did Tiot r^xiHt any correct statistics on this subject — no 
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mention, indeed, was there of it in any annual report. On writing 
to that gentleman, I was informed that he intended in his next 
annual report, that for 1881, *^to afford fuller infoimation upon 
this poinf That repoH was issued within the last three months, 
and there, for the first timCy has been given any reliable official 
information upon this important subject. 

After receipt of that information from the Registmr-General in 
January, 1884, I found that only by direct communication with 
the medical officera of health or i*egisti*ars of the chief towns in 
Scotland could 1 obtain any reliable data, and after no inconsider- 
able amount of trouble and time was this accomplished. 

The figures thus obtained ai*e to be found in the following table, 
which, however, I am soiry to say, is incomplete in respect to 
Dundee, but that is through no fault of mine : — 





TABLE 11. 

Unckutified Deaths. 

Obtained from Medical Officers of Health. 




TOWDN 


Ycan«. 

1881 
1882 


1 
Total Deaths. 

12,909 
12,985 

4,308 
4,292 


Unccrtifled. 

1,167 
1,137 

473 

500 

* 
t 

94 

85 


Percentage of 
latter. 


Glasgow, . 


9 04 
8-75 


Edinburgh, 


. 1 1881 
1882 

. ' 1881 
1882 


10-9 
11-6 


Dundee, 

1 


2,961 
3,064 

2,082 
2,191 

1,526 
1,591 

1,274 
1,455 

842 
832 

640 
710 


5-6 


Aberdeen, . 

1 


1881 
1882 

1881 
1882 


4-51 
3-87 


Greenock, . 


194 
162 

91 
81 


12-71 
10 18 


Paisley, 


1881 
1882 

, . 1881 
1882 

1881 
1882 


72 
5-5 


Leith (South) 


90 
91 


10-68 
10-93 


1 Perth, 


« 

57: 


5 
8 02 


1 Total, . 


1881 
1882 





* From RegUtrar-Generars Kcpun. t No reliable data. X Medical Officer of Health. 
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TABLE V. 



Return of Deaths Ckrtipied and Uncertified in Glasgow, 
ABOVE 5 Years of Age, during 1880, 1881, 1882, 1883. 



Year. 


1 

Total 
Deaths. 

1 


Certified. 
6,809 


Not 
Certified. 

95 


No Medical 
Attendant. 


Dispensar)'. 


Total. 


1880 


7,232 


267 


61 


423 


1881 


7,623 


7,111 


70 


282 


60 


412 


1882 


7,013 


6,683 


.>0 


235 


45 


330 


1883 


7,982 


7,613 


77 


247 


45 


369 



Table V. shows that for the average of these /our years, over 
250 persons, above live years, die annually without any medical 
attendance whatever, and that over 380 persons die annually, 
about the causes of whose deaths nothing is officially known. 

Table IV. shows that the average per annum for the same peiiod 
iu children under five years is 420 — that is, 420 children have 
been allowed to die without the intervention of skilled assistance 
of any kind ; while, on the average, 820 children Jiave died 
annually respecting iJie causes of whose deaths nothitig is absolutely 
known. This betokens a very serious state of matters, and 
particularly in the defenceless portion of our population. 

How did Glasgow fare in this respect prior to the opei*ation of 
the Friendly Societies' Act in 1876? Take the following table 
from the " Report upon Uncertified Deaths in Glasgow," by Dr. 
Russell, the Medical Officer of Health, in 1876, page 7: — 



Year. 


Total Deaths. 


Uncertified. 


Percentage of latter. 


1872 
1873 
1874 


14,367 
14,876 
16,323 


3,281 
3,305 
3,601 


22-85 
22-21 
22 05 



Let us next contrast Table III. with a table for the same 
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Tears (1 $72-3-4/ in regard to uncertified deaths ander ^^e 
vears : — 



Year. 



Toal Deaths osder 
nre Year*. 



L'lMrrniSed. 



Percental of finer. 



1S72 
1S73 
1S74 



6.505 
6,S05 
7.414 



2,070 
2,106 
2.279 



31-82 
3073 



The contrast shows a great improvement in these later years; 
but it must be borne in mind that the cause of this is chiefly to 
be found in the operation of the Friendly Societies' Act of 1876, 
which practically compels the production of a medical certificate 
of the cause of death where moneys are to be received from 

m 

insurance societies. 

We have now, however, i-eached that point where something 
additional must be brought into play to still further lessen the 
number of ''imcertified'' deaths, for it is evident that our present 
machinery of registration, working at its highest pitch, cannot 
seem to lessen further this number. 

Let us next consider Edinburgh : — 

TABLE VI. 

KETrRNs «»F Uncertified Deaths in lilDiNBrBGH, for Y£ar.s 

ISSO, ISSl, 1SS2, 1S83. 



Ycai*. 


Total Deaths. 


L'nccrtific*!. 
567 


Perecntac^ of Utter. 


1S80 


*.<J04 


12-0 


18S1 


4,308 


473 


10^ 


1882 


4/292 


500 


11*6 


1883 


4.275 


500 


11-7 



Or. as put by the Medical Ofiicer of Health, Dr. Littlejohn — 



18^. 



1881. 



1884. 



I88S. 



Certified by Kegistered Medical 



Practitioners, 


4,127 


3,835 


3,792 


3,775 


Certified by Medical Students, . 


oC7 


473 


500 


500 


Not Certified 


nil. 


uil. 


nil. 


nil. 



ToUl, . 



4,604 4,308 4,292 4,275 
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From this table, supplied me by Dr. Littlejohn, it will be seen 
that no death occurs in Edinburgh which is not certified either by 
a medical man or a medical student. This has been brought about 
by the energetic activity, of the medical officer of health, who 
combines with that office that of surgeon of police. I will quote 
from communications received from him to show how this is 
accomplished. He says: — "The cause of the absence of totally 
uncertified deaths is due to the plan which I inaugurated many 
years ago of having all cases of death where there was no attend- 
ance by a medical person refen-ed to the police, and I, as surgeon 
of police, visited and examined the body, and either reported the 
death to the procurator-fiscal or certified the case as one of death 
from natural causes. Our five registrars have instructions to 
refuse to register cases of death where there was no medical 
person in attendance. This duty they willingly discharge, because 
they are thereby enabled to present their books in a more com- 
plete state to the Registrar-General. The parties thus refused 
have to apply to me directly, or to the police, who, in their turn, 
report the facts of the case to me." In another connnunication he 
writes: — " The registrars are now, of course, thoroughly on the 
alert, and the public generally^ even the pooi*est (the italics ai-e 
Dr. Littlejohn's), have now learned by experience that if they 
neglect to call in the aid of the medical profession they are liable 
to have an inquisition conducted by a detective officer, and have 
shown of late yeara a commendable improvement in that respect, 
and enable Edinburgh to show a wonderful absence of neglected 
cases of sickness." Knowing that cases of death which have not 
been seen by a medical person during their last sickness are 
registered regularly in Glasgow solely on the statements of the 
infoi-mants of the deaths, but not knowing by what authority 
registrars could, even in these circumstances, refuse registration, I 
enquired how they did so in Edinburgh. 

Dr. Littlejohn replies that "they (the registrars) answer that 
the very fact that no medical man saw deceased during life 
implies carelessness, if not culpability, and they hold that they 
are bound to report the fact to the police authorities." 

Whether this be so or not, there is no doubt that Edinburgh 
has nearly reached that ideal state where no death is totally 
uncertified, and where the possibility of the commission of crime 
or culpable neglect is reduced practically to nil. 



..?• .-♦4cr. "•.•.Iff/ / jt^wj'}ft. 



iS^ 11 ' 



i ' to total deaths was 5*6. 



:?6:. liecL i!!**. 



. rot Y 






ss? 



i. ". .* L 






fcxccBtAipe of Iflttcr. 

4-23 
4-51 
3-S7 
3->7 



Arge., 3-96 



I: -^ A ~';ciw:ruiT ficc tiir tifs cirr has aIw:iTs been more free 
rvcii tlj^ .'uijs^ :; i<Ai^ i2li=. .lzt cdter of the Scotch towns, and 



tiitf ."axs*? .'C :: :» ore iir tj ^efi 



•:asl-: viu. 
iNHK is>!. i2^e. i>!>a. 



Tii-^ 



r-rA: rvAT'- 



I ='.<rrf«<! 



rncentafe of latter. 



InSO 


i.6lik 


201 






12-41 


IS^l 


1.526 


IW 






12-71 


1SS2 


1.591 


162 






10-18 


1883 


1,786 

• « ■ 


167 


A 


*ge., 


9^ 


rtAl. 


724 


11-16 
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TABLE IX. 



ItETURNS FOR (JrEEXOCK. 



v^-«. D^»..i.ti/%.« Total I Death 
Yea«. Population. ^^^^^^ , ^^j^_ 



1880 ; 68,290 1,619 2370 

1881 69,238 1,526 2203 
I 1882 I 70,128 1,591 2267 

I I 

1883 I 71,515 1 1,786 24 97 



i Uncertified Deaths, I 

!,, „^^,<, .'Pcixrcutage' Including Percentage 

?i ^i i to Total those Registered on to Total I 

Deaths. 

1316 

14 02 

11-25 

9-85 



Deaths. 



201 
194 
162 
167 



Deaths. information uf 

rrocurator-Flscnl. 



12-41 213 

12-71 214 

1019 179 

9-34 176 



N.B. — The deaths registered on the ioformatioii of the Procurator-Fiscal 

are not Medically certified. 

Being a maritime town, like Leith, with a part of the population 
always on the move, together with the loose habits of the seafaring 
class, Greenock may be said to find its high "uncertified" per- 
centage in these causes. 

Paisley. 



TABLE X. 

Returns of Uxcektified Deaths ix Paisley, for Years 

1880, 1881, 1882, 1883. 



Years. 


1 

Total Deaths. 

1 


UncertifteU. 


1 

Percentage of latter. 


1880 


1.424 , 


135 




9-4 


1881 


1,274 


91 




7-2 


1882 


1,455 i 


81 


1 


5-5 


1883 


1,390 

1 


96 


: 


6-9 


Total, . 


1 
• ■ . 


403 


Avge., 

t 

1 


7-2 



Paisley has always had a fairly high peixreutage of " uncertified " 
deaths. 
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* ictniSii-i 


Ttr-j^ 


s*« rf UT3e-, 


582 


1 1* 




le-^e 


— |«i 


5«.» 




10'6> 


^3:: 


r#^ 




10-93 


I'lO 


^V^ 




714 


■ 


5^ 


Argc.. 


10-35 






T}i'; for^'goiug tables ibeu clearlv show how far •' uncertilied ** 
H<;;4th^ obtairi in ih^; iiriiicifrtil Scotch towns. Let me next, so far 
a,H \ff)K'^\h\c^ fuiduce facts in respect to the iK>sition of Scotland 
f^".u'irn\\y, and that froni the Annual Report for 1881, recently 
hnut-A ^Annual Return, 1881, j^ge 32;. 

In H<Mland, we are told that 109 per cent, of the whole deaths 
iirtt *' ufioertifjod,' the proi>ortion varj-iug from 7*1 per cent in the 
Hrriall Utwii dihtrictK, to 52*5 j:>er cent, in the insular-rural districts; 
in th'5 connti^rH, from 1*8 jkt cent in Selkirk, to 69-9 per cent in 
ih*r Hh<;tliind iHJands ; and in the piincipal towns, from 1*7 per 
r**ui. in Kilniarn(x;k, and 31 per cent, in Aberdeen, to 10*7 and 
I OH \H*.y tu'tii. ifi Ort^rnock and Leith respectively. 
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** A very large number of these deaths are retiinietl as * haviug 
no i*egular medical attendant,' 'dispensary patient/ 'no qualified 
medical attendant,' &c.; but in the case of such, and especially 
with the two hitter, it must not be supposed they have all died 
without medical advice, but simply without qualified medical 
advice, they being attended, in the large towns at least, by senior 
students of medicine who are within a very short period of 
obtaining their degi*ees, and who, in ScoUandy as a 2)(irt of their 
curriculum require to produce certificates of attendance of this 
nature be/ore obtaining their diplomas.^' (So far as I am aware 
there does not exist in Scotland any University or Corporation 
which demands such certificates as those alluded to in the sentence 
italicised.) 

The figures of this Return for uncertified deaths in the Districts 



and Chief Towns are here noted in ] 


)ercentages as follows : — 


Shetland, 


09 9 


Orkney, - 










28-6 


Caithness, 










15-4. 


Sutherland, 










54-4 


Ross and Cromar 


ty, - 








47 4 


Inverness, 










38-4 


Nairn, • 










16-8 


Kincardine, 










100 


Forfar, - 










6-4 


Perth, - 










12r> 


t^fe. 










14-3 


Kinross, • 










15-4 


Clackmannan, 










8-5 


Stirling, - 










9-2 


Elgin, 










20-3 


Banff, 










6-6 


Aberdeen, 










7-2 


Kenfrew, 










8G 


I^anark, • 










7-8 


Kdinburgb, 










8-9 


Berwick, 










40 


Selkirk, • 










1-8 


Dumfries, 










8-4 


Dumbarton, 










5-9 


ArgyU, - 










35 1 


Bute, 










9-3 


Ayr, 










51 


Linlithgow, 










6-4 


Haddington, 










9-7 


Peebles, • 










51 


Roxburgh, 










4-0 
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Kii'kcudbright, 
Wigtown. 



9-4 
130 



Principal Towns. 



(xlasgow, 

Dundee, • 

Greenock, 

Paisley, - 

Kilmarnock, 

Edinburgh, 

Aberdeen, 

Leith, 

Perth, - 

Glasgow (Landward and Suburban), 

Group of Districts. 

Principal Town Districts, 

Large Town Distiicts, - 

Small Town Districts, - 

Mainland — Rural, 

Insular — Rural, . - - - 



0-2 
5-6 

10-7 
71 
1-7 

10-2 
31 

108 
5 
4-8 



7-8 
7-3 
7 1 
7 
52-5 



The value of this table is to be found in its enabling one to see 
quickly how far this class of deaths occurs in different parts of 
Scotland, and to understand where^the greatest difficulty in carrying 
out any scheme of reform would be experienced. 

Our next consideration is — How far do uncertified deaths obtain 
in England? This will 1)0 at once seen in the following table: — 

TABLE XIIL 

Returns as to Uncertified Deaths in England, during the 

Years 1880, 1881, 1882. 1883. 



Cortlflcd 



Certified 



Year. 



Total ' iy-^ - % to Total i — "—- v to Total 1 Uncertlflcil 

Deuths. Practitioner. I^eath.i. Coroner, i Deaths. ' 



1880 528,024 479,959 908 26,088 

1881 1491,935 444,483 90 4 27,258 

1882 516,054! 469,117 908 27,367 

1883 Statistics uot yet issued. 



4-9 
5-5 
5-3 



22,577 
20,194 



%to 
Total. 



4-3 
4-1 



20,170 3-9 



In the twenty large towns of England in 1881 only 2*4 per cent 
was uncertified. {Lancet ^ Vol. L, 1883, p. 1,106.) 
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In 1882 we find from the Registrar-Generars Annual Eeport 
how far the different districts contribute to the whole sum. He 
says: — "thus excluding the Metropolitan Counties of Middlesex 
and Surrey, the percentage did not exceed 1*1 in Wiltshire, 1*4 in 
Rutlandshire, and 1*7 in Berkshire, while it ranged upwards to 6*2 
in Herefordshire, 6*7 in Cumberland, and 6*9 both in Cornwall and 
in Durham. In the Metropolis the proportion did not exceed 1 *2 
per cent., whereas in Wales it was 10*4 per cent.*' 

Let us next see how London stands, and let us take a few years 
at random. In 1877 the percentage was 1*34; in 1880, 1*3; in. 
1881, 1-3; and in 1882, 1-2. 

In the other large English towns the percentage is always low, 
and there are always to be found in these annual reports towns 
where an uncertified death does not exist. 

What, then, are the different factors which operate in England 
and Scotland, after registration, to reduce the number of uncertified 
deaths? First, the Registration Acts, and second, the coroner's 
inquest, and the inquiry of the procurator-fiscal. 

What are the differences in the Registration Acts] The Scotch 
Acts now operating are the Original Act of 1854 and the Amended 
Acts of 1855 and 1860. In these it is enacted that the person 
bound to register must do so " within eight days after the death^^ 
and the rnedical attendant is bowid under a penalty to send to the 
registrar a certificate of tlie canse of death within seven days after 
the deaths failing which the local registrar sends to him a partly- 
filled up certificate, which must be returned vnthin three days. 
Further, no provision is made compelling registration or official 
information of stiUrbirtlis, 

In England the Act in operation is that which came into force 
on 1st January, 1875. In it the person bound to register must 
do so vnthin five days, and the medical a^t^ndant is hound to deliver 
to the legal informant of the death a certificate of the cause of it, 
which he in turn delivers to the registrar within the five days 
above-mentioned; and no still-bom child can be buried without 
sufficient evidence being officially tendered to that effect. 

Thus the differences between the Acts tend in England to bring 
about both earlier and direct registration and tlie earlier produc- 
tion of the certificate. This last fact is an important one, for the 
informant of the death himself delivering the medical certificate is 
prevented from tendering wrong information as to medical attend- 
ance or the medical attendant. In Glasgow, for instance, in 1874 
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"there were 552 deaths in which no certiticates were ever received, 
although the name of a medical attendant was given." In Scot- 
land a period of at least ten days may elapse before the medical 
certificate is received ; whereas in England the certificate is in the 
possession of the registrar within five days. 

This is, so far, apropos of deaths in which a medical certificate 
is forthcoming; but what about the registration of deaths of per- 
sons who have not been attended by a practitioner? Let us 
suppose such a case. How do the informants of the death accom- 
plish its registration? They furnish the particulars to the 
registrar, and give their opinion of the cause of death. How does 
the registrar act? HLs instructions ^drtually ai-e that he has to 
report to the fiscal only those cases regarding which there are 
suspicious circumstances. Should he, a very incompetent judge, 
find none such, he simply puts down wliat tlie informant may 
choose to tell him, notes the death a^ being " U7icertified," and 
grants extract authorising burial. The body is then put under 
the ground, and there is an end of it. It seems to me that under 
these conditions it would be no difficult matter for a carefully- 
planned crime to be canied out successfully ; and that such a 
possibility as this should exist exhibits a grave defect in our 
registrative machinery which loudly calls for remedy. Indeed, a 
Glasgow registrar, in a communication to our medical oflicer of 
health, says : — " Regarding this matter generally, I have been 
long of opinion that there is a large amount of culpable neglect, 
and even cases which fall little, if any, short of criminal offences 
against life f and, further, he adds, " registrai-s are liable to be 
imposed on by the statements of the informants." As an instance 
of the latter fact, let me mention the following case, which I 
narrate on the authority of the registrar in whose district the 
affair happened : — A worker in an iron-foundry " went on the 
spree;" his funds became exhausted; he wanted more money to 
carry on his debauch; he remembered that his " lying-time" at the 
work would help him, could he get it ; he accordingly went to the 
work, and informed them that his child was dead, and that he 
wanted his money to help to bury it. He was asked for the 
certificate of death. He replied that he would get it, and there- 
upon went to the registrar's office, informed him of the death of 
his child, giving detailed particulates as to the occurrence and its 
cause, and got a certificate for burial. Armed with this he returned 
to the foundry, got his money, and went off! It was discovered 
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very shortly afterwards that tJie child wJiom he had said loa^ dead, 
and tlie extract for lohose burial h^ carried in his pocket, was not 
only alive, but was in good Iiealth, The criminal authorities then 
" wanted" him. This case requires no commentary. 

Let us next consider shortly the Coroner's Inquest. 

The coroner has cognisance of all cases of sudden and violent 
deaths, and those that are ** uncertiOed.'* He may or may not 
hold an inquest, and he may or may not call medical evidence. 
Should, however, an inquest be held, he is bound in law to infomi 
the registrar of the finding of the jury " xoithinfive days^^ after the 
verdict has been given. 

How far does the coroner's inquest help to reduce the number 
of uncertified deaths ? 

Take the following table : — 





TABLE XIV. 




Years. 


1 

Total Detth-s. 


Ccrtifled by 
Coroner. 


Percentage. 


1879 


526,255 


26^59 1 


5 00 


1880 


528,624 


26,088 


4-90 


1881 


491,935 


27,258 


5-50 


1882 


516,654 


27,367 


5-30 



That is to say, that on the avei'age of these four years, 26,818 
deaths, or 5*175 of the total deaths are certified through this 
agency. 

I may therefore safely conclude that the function of coroner is 
a very important factor in the reduction of " uncertified" deaths. 
What about the inquiry of the procurator-fiscal 1 
The function of this official in respect to deaths begins at the 
case of fatal accidents, sudden deaths, etc., which come under the 
cognizance of the police, and those which are reported by the 
registrars. By the Scotch law there is no time allotted within 
which his reports must be handed back to the registrars. Anent 
the working of the fiscal's inquiry there was no official data, but 
we are able to ascertain from the report of Dr. Russell for the 
years 1872, 1873, and 1874, how this enquiry was conducted, and 
its results. During these years 1,428 deaths were reported, and 
Vol. XVI. x 
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up till October, 1875, the following was the result: — ** Precogni- 
tions had been received for 624, certificates were otherwise 
obtained for 316, and 588 still reniaitied uncertified,^* or to put it 
proportionately, " Precognitions were received for 37 per cent., 
there were otherwise certified 22 per cent., and there continued 
uncertified 41 per cent." ATid in tlie years 1873 and 1874 there 
were 106 deaths of children under five years reported by the 
registrars, for which no precognitions were received, and of these 
24 were illegitimate, 

I am able to show, in respect to Greenock and South Leith, the 
working of the fiscaPs office in the same connection. 

The following table in reference to the years 1880, 1881, 1882, 
and 1883 will show this : — 

TABLE XV. 

Showing the effect of the Procurator-Fiscal's Inquiry for the 

Years 1880, 1881, 1882, 1883. 

GREENOCK. 



Year. 


Uncertified Deaths. 


Uncertified Deaths, 
inclnding those certified by \ 
Procurator- Fiscal. 


Tolal Deaths. 


1880 


201 


213 = 12 


1,619 


1881 


194 


214 = 20 


1,526 


1882 


162 


179 = 17 


1,591 


1883 


167 


176 = 9 


1,786 



Out of 782 deaths uncertified only 58 certified by procurator-fiscal, or 
•9 per cent, of total deaths ; or 7 per cent, of total deaths uncertified. 







LEITH 


(South). 




1880 


118 


1 
i 


1 

133 = 15 


932 


1881 


90 




106 = 16 


842 


1882 


91 




109 = 18 


832 


1883 


65 




83 = 18 


910 


i 




1 

1 

1 


67 i 

1 





Out of 431 deaths uncertified only 67 certified by procurator-fiacal, or 
1*9 per cent, of total deaths; or 15 per cent, of total deaths uno«rtifi«d. 
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Now let us draw a comparison. 

In England for the years 1879, 1880, 1881, and 1882, the 
average percentage of certifications by the coroner was 6*17 of the 
total deaths; and in the year 1881 in twenty large English 
towns the percentage was 7'0. 

For the years 1872, 1873, and 1874, in 18 large English towns 
the average percentage was 6 4; in London, 7*1; in Bristol, 57; 
in Birmingham, 85; in Liverpool, 6-3; and in Manchester, 7*7 
per cent. 

Li Glasgow, for the years 1872, 1873, and 1874, the procurator- 
fiscal only reported or certified 11 per cent of the total deaths, 
or 37*0 per cent, of the deaths reported to him by the Registrar — 
that is, uncertified cases. 

Li Greenock, for the years 1880, 1881, 1882, and 1883, only 7 
per cent, of the total number of uncertified deaths, or -9 per cent, 
of the total deaths, were certified by him ; and in South Leith only 
15 per cent, of the uncertified deaths, or 1*9 per cent, of the total 
deaths. From these figures it will at once be obvious that the 
coroner's inquest is an important factor in the reduction of the 
number of uncertified deaths, and that the inquiry of the fiscal 
fails miserably in discovering the causes of deaths which are 
uncertified, and that the latter, compared with the former, is 
impotent in reducing the total number of uncertified deaths, and 
fails to act as a wholesome deterrent to neglect of medical aid in 
sickness. 

The next point for our consideration is : — 

Should there be instituted in Scotland some further check to 
the registration of uncertified deaths ; and if so, in what manner 
should that check be applied ? 

The necessity for some further check than at present exists has 
forced itself on the public mind from time to time, and that 
necessity has resolved itself into public action in the direction of 
securing it, but hitherto without effect. Years ago the Town 
Council of this city, together with other public bodies, wished reform, 
and representations were made to the proper quarter, but without 
avail. Again, at the present day, is the question forcing itself to 
the front. The Trades' Union Congress, which met in Aberdeen 
in 1884, passed unanimously resolutions to the effect that some 
kind of inquest into uncertified deaths ought to be established in 
Scotland. Registrars themselves are strongly in favour of this 
reform, and from communications to me I am led to believe that 
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the body of the general public seem to expect a change in our 
present mode of dealing with uncertified deaths. Medical officers 
of health, too, hold strong views in this direction. Dr. Russell 
points to this necessity in the report from which I have previously 
quoted. Dr. Littlejohn, of Edinburgh, says, " I have always been 
clearly of opinion, that when no medical person has seen a sick 
patient during life, that the case should be investigated by some 
responsible officer ;" and in another communication, further says, 
" I quite agree with you that the law must be alteied so as to 
secure in England and Scotland that, before burial, a certificate 
from the attending medical practitioner, or failiny that, from some 
medical official who has itispected the body, must be handed to the 
registrar before lie grants the order to inter. Under tJie present 
lav) I Jmve no dmcbt that crimes are apt to escape detectionJ^ Dr. 
Simpson, of Aberdeen, says, " I consider that the fiscal system in 
Scotland with regard to sudden deaths, is very defective. Not- 
withstanding the unpleasantness of publicity of the coroner's 
inquest in England, I believe it ensures a greater chance of 
justice, and also a less neglect on the part of responsible parties 
delaying to send for medical aid until it is too late." 

The opinion of the medical profession goes without saying. Quite 
recently the Southern Medical Society of this city took up this 
subject and came to this resolution, which was passed nem. con,: — 
** That there should be instituted in Scotland a kind of inquiry 
into all uncertified deaths, of the nature of the inquest under the 
Prisons (Scotland) Act;" that post-mortem examinations ought to 
be more frequently resorted to, and that this duty should be 
performed by the medical officer of health for the district, or his 
deputy. 

Dr. Cameron, M. P., utilised this expression of opinion in bringing 
forward his Cremation Bill. 

What direction, then, shall this reform take? It is obvious that 
the attempted institution of the coroner's inquest in Scotland 
would raise such an outcry against it that it might tend ultimately 
to defeat milder reforms. But in respect to legislation generally 
it may be laid down as a fairly accurate fact that where in any 
contemplated Bill there is supposed or actual interference with the 
rights of citizens or corporate bodies, or the interests of trade, 
considerable opposition must always be expected and experienced. 
This obtained in the Vaccination Act, in the Factory Acts, and 
other Acts. Our aim, therefore, must be the institution of some 
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method which will bring with it in its operation the least trouble 
to the greatest number; and mild it may be, but effective it must 
be. Such a measure would act as a wholesome deterrent, and 
would cause those who were hitherto negligent to exercise greater 
care. The history of legislative measures shows this, for im- 
mediately after the Friendly Societies* Act (1876) came into 
operation a very marked diminution in the number of uncertified 
deaths took place, showing that this Act, by compelling medical 
attendance in order that a certificate of the death might be obtained, 
operated beneficially. Every medical man whose work lies among 
the poorer classes sees cases where doubtless there has been gross 
neglect, even in view of the provision made by the Poor Law Act 
for such cases as these. Then there are the cases of " overlaying " 
of infants. These, and many others, are the cases into which a 
more exhaustive and public inquiry should be made; not the kind 
of inquiry which is conducted by an ordinary detective officer, who 
knows perhaps as little of the causes of death as the people among 
whom he conducts his inquiry, and who, therefore, is only able to 
estimate the grosser causes of death due to violence, but one 
conducted by a medical official who shall be able thoroughly to 
estimate the truthfulness of the alleged cause of death with a 
skilled eye and hand. 

What direction shall the reform take, and in what manner may 
it be accomplished? 

In the first place, that in those respects before-mentioned in 
which the English Registration Act contributes to earlier regis- 
tration, and that directly through the responsible guardian of the 
sick person bearing the ceHificate of death to the registrar, the law 
in Scotland should be so amended. 

In the second place, the time has now arrived when some official 
should be appointed whose duty it will bo to ascertain the cause of 
deaths which are unexplained — that is, uncertified — and whose office 
shall begin to opci'ate on that fact being ascertained, and before 
burial. What official should be appointed ] A Scottish coroner, 
the sheriff, or the medical officer of health] 

We may dismiss the first from our minds at once. But the 
choice between the sheriff as the holder of the inquest, or the 
medical officer of health empowered to hold an inquiry, has this 
merit in Scotland — that we have the former actiug in the capacity 
of a coroner under " The Prisons (Scotland) Act," and the latter 
are already estiiblished in all our chief towns at least 
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The sheriffs might with reason urge objections to an increase in 
their present onerous duties, and the public might object on the 
ground of increased expenditure from the public purse. The 
former objection could, doubtless, be got rid of; and it could be 
urged in combating the second that the expenses which are in- 
curred at present by the procurator-fiscal in this regard — vi*., 
precognitions, post-mortem examinations, etc. — not an inconsider- 
able sum in our annual expenditure, could be utilised toward the 
up-keep of the new appointments. 

The one point that ought to be borne in mind is thoit a precedent 
is established in Scotland for holding a public inquest 

Then the suggestion of appointing medical officers of health to 
perform this duty — that of making any kind of inquiry any given 
case demanded — is not new. It entered into the remedial scheme 
of the Royal Sanitary Commission of 1869, as follows: — **In the 
case of any person having died without a medical attendant, or 
whose medical attendant refuses to sign the cause of death, ike 
medical officer of health of the place in lohich the deatfi occurred 
should he required and authorised to make by himself or deputy 
inquiries as to the cause of death, and thereupon either to give a 
certificate of the cause, or to take steps towards a coroners inqueet. 
It would seem to be well worthy of inquiry and consideration on 
the part of the Government how far, when this complete system 
of registration of deaths is established, the holding of coroner's 
inquests as at present might be limited." 

The foregoing, however, only applies to England. Again, 
the late Dr. Farr, in one of his letters to the English Registrar- 
General, advised that the medical officers of health should be 
appointed as medical assessors to the coroners. These sugges- 
tions seem to be slowly maturing. And we further know that 
petitions have been sent to the proper quarter by guardians of the 
poor-law in England — Wandsworth — asking for an amendment 
of the Registration Act, in so far that the duty of certifying those 
deaths which are "uncertified" should fall on the medical officers 
of health. 

But if in Scotland the health officer were to be appointed to 
such a position as would enable him to grapple successfully with 
such deaths, it is obvious he must needs be appointed with full 
powers to make any kind of inquiry demanded by any given case, 
to grant a simple certificate where such can be granted, and to 
make post-mortem examinations on the authority of warrants 
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granted by the sheriff on his representation, if such, he thinks, be 
required ; and in order that he might not intrude on the province 
of the law, when any proof of criminal neglect or baser crime 
came into view, the case should then be handed over by him to 
the proper legal authorities for further action. In this way he 
would act as a most important witness for the Crown, and would 
do away with the anomalous appointments of medico-legal ex- 
aminers at present obtaining in our city. 

I have no doubt that procurators-fiscal would willingly hand 
over this department of their work to such a new medical official, 
because from this they experience, and formerly have experienced, 
not a little trouble. 

Viewing the question from every standpoint, it would seem 
that such an appointment would evoke less hostile criticism from 
the public than the others ; and, besides, it would arrive at the 
desired results as efficiently as the others, and certainly more so 
than the present operations of the fiscal's office. Collective 
opinion, too, leads us to believe that the way is now clear, so hx 
as the public is concerned, for imperial legislation on these pro- 
posed lines. 

Legislation could be effected by — 

I. — Amendment of the Registration Act. 

11. — Amendment of the Public Health (Scotland) Act; or 

IIL — By the introduction of clauses in the General Police 
Burghs (Scotland) Bill at present before Parliament. 
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XXIL — On Manure Poisoniwj, icith sufjgestions for the Preven- 
tion of the Pollution of Wells in Afjricidtural Districts, By 
Eben. Duncan, M.D., F.F.P.S.G., kc. 



[Read before the Society, 29th April, 1885.] 



For an opportunity of investigating the occurrences on which this 
paper is founded I am indebted to Dr. Milroy of Kilwinning. 
A letter was written by him to the Glasgow Herald in September 
last, calling attention to the poisoning of a well at the village of 
Benslee by Glasgow manure, and to an outbreak of typhoid fever 
which had resulted in consequence among the persons who drank 
the water of that well. 

I visited the village of Benslee a few weeks ago, and, with the 
assistance of Dr. Milroy, I made a careful enquiry into the facts 
bearing upon the origin of that outbreak. My attention was also 
directed to another case of well-poisoning by manure in the neigh- 
bourhood of Kilwinning by which a whole family had suffered. 
The proof of the connection between the alleged cause and the effect 
in these cases seemed to nie to be very complete. Although the 
traffic in town manure, which so frequently contains the poisonous 
excrements of diseased human beings, is carried on in all parts of 
the country, sufficient attention has not hitherto been directed to 
its evil results. 1 therefore think that a complete i*ecord of these 
occuiTcnces is of considerable importance. 

The first case which I shall narrate is the poisoning of the well 
at WhithuiTst Farm, Kilwinning. I give you the facts as related to 
me by the farmer, and conoborated by Dr. ]Milroy. In the end of 
December, 1881, the farmer-tenant of this farm bought a quantity of 
manure from the Glasgow Corporation. This manure he spread over 
a grass field adjoining the farm steading. In the centre of this field 
was situated a spring-well from which he drew his domestic water- 
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supply. The water from this spring was conducted by an open 
stone drain a distance of 150 yards through the field to a pump- 
well at the farm-buildings. As a large part of the field so manured 
sloped downwards in the direction of this open drain, every shower 
of rain washed the manure into the drain, and through it into the 
farmer's well. When the manure was spread over the field the 
water in the well became discoloured and somewhat offensive. 
About a fortnight thereafter, one of his children took ill, and in 
about three weeks from the day on which the water was polluted 
with the Glasgow manure, the farmer's wife and his seven children 
were stricken with typhoid fever. The farmer also suffered from a 
feTerish attack, which, however, did not assume the specific 
characters of typhoid. 

The following table, showing the manner in which this field has 
been cultivated during the past ten years, is important: — 

Rotation of Crops on Whithurst Farm. 



1874 — lat year. 


Com. 


Farmyard manure — No Fever, 


1875-2nd 


}) 


>> 


No manure. 


1876-3rd 


»> 


Hay. 


5> 


1877— 4th 


a 


Pasture. 


J» 


1878— 5th 


j» 


»» 


. »» 


1879-6th 


»> 


tt 


>> 


1880— 7th 


}> 


»» 


»> 


1881— 8th 


»> 


— 


Glasgow manure — Fever. 


1882— 9th 


>» 


Com. 


No manure. 


1883 10th 


»» 


i» 


»» 


1884— 11th 


j> 


Hay. 


»» 


1885 12th 


>» 


Pasture. 


? • 



Owing to the method of cultivation it is manured only once in 
eight years. The manure is spread over the field at the end of 
the pasture period, and ploughed into the soil to prepare it for 
growing com. It is interesting to observe that eight years before 
the occuiTences which I have naiTated, when this field was manured 
with ordinary farm-yard manure, the family experienced no evil 
results from drinking the water. The Glasgow manure used by 
this farmer is a mixture containing a large proportion of human 
excrement The excreta are collected on the pail and tub system 
in the poorer parts of the city, where there are no water-closets. 
In these places typhoid fever is rarely, if ever, absent. No precau- 
tion is taken to disinfect such mauui^es as are known to contain 
typhoidal discharges. The specific poison of typhoid fever having 
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been added to the feu-mer's water-supply by the manure, the whole 
family showed the ordinary symptoms of typhoid fever, after the 
usual period of incubation. In corroboration of the connection 
between the manure pollution and this outbreak, it may be re- 
marked that no other cases of typhoid fever existed in the vicinity 
at this time. 

In the end of 1883, the farmer of North Millbum, near Kil- 
winning, bought a quantity of manure firom the Glasgow 
Corporation, and carted it to a large grass field near the mining 
village of Benslee. The spring-well which supplied this village 
was situated in the centre of this field. The water from this 
spring was conveyed by an iron pipe to a small reservoir sunk 
in the ground near the edge of the field ; the sides of this reservoir 
were built of brick, and the top of it was covered with loose flags 
of stone. The farmer emptied the manure beside the reservoir, 
and afterwards spread it over the field. 

The following extract from a letter written by Dr. Milroy, and 
published in the Glasgow Herald, September 20th, tells what 
followed. He says : — "A farmer, about the end of year 1883 or 
the beginning of 1884, emptied a large quantity of Glasgow manure 
within a few yards of the pump-well of Benslee. This manure 
was also scattered over the field which supplies the well with 
water. At that time the worthy housewives of Benslee rose 
almost eu masse, declaring that their water-supply was ruined. 
That Glasgow manure must have been charged with the specific 
germ of enteric fever, which the rains washed into the well, for 
now smart attacks of fever began to show themselves, and since 
that time fever has destroyed the health of many, it has lowered 
the physique of the whole community, and taken away six 
Uves." 

In the first part of his letter Dr. Miliw tells us that during the 
two years previous to this occurrence there had been no case of 
typhoid fever in Benslee. I made careful enquiries into these 
occurrences, and found that they happened as Dr. Milroy had 
stated. The farmer informed me that the manure was carted to 
this field in the end of December, 1883. I ascertained that the 
person first afiected with typhoid fever in this outbreak was a girl 
who sickened on the 15th of January, 1884. The parents of that 
girl informed me that they noticed that at that time the water of 
the well tasted badly, and that the manure-heap spoken of by Dr. 
Milroy was still lying at the side of the well when their daughter 
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took ilL The population of the village was estimated at 300, and 
of these 50 were subsequently affected with well-marked symptoms 
of typhoid fever, and many other persons suffered from febrile 
attacks and diarrhoea. 

The sanitary arrangements of the village are sketched on the 
diagram, and are very well calculated to affoi*d every facility for 
the propagation of this disease. The excreta are emptied into 
gutters which run along the front of the rows, and the sewage 
from these gutters is carried away by a drain which runs a distance 
of 50 yards to the Benslee Bum. In its course it passes quite 
near the brick well, and there is a great probability of further 
contamination of the water from this source. Some of the excreta 
are thrown out with the ashes on the ash-heaps behind the rows, 
and in this way an opportunity was also afforded of aerial dis- 
semination of particles of the poisonous matter. 

Table of Rotation of Crops on Field in which Bensles Well 

IS situated. 

1880 1 ^^^^' ^° manure. 

1881— Hay. 

1882— Grass. 

1883 — Corn. Glasgow manure. 



»» 



1884 — Com. No manure. 

1885— Com. 



>» 



Four months after the first appearance of fever in Benslee, and 
while it was still running its course there, typhoid broke out in 
the neighbouring village of FergushilL I enquired whether there 
was any evidence of the people of Benslee having conveyed the 
fever to this village. I had the following reply from Dr. Milroy : — 
"The children of Benslee and of Fergushill attend the same 
school and play about the Fergushill Rows. I have often seen 
human excreta on the step of the dip well at Fergushill. Germs 
could readily be carried in this way from Benslee to Fergushill. 
Again, the villages are only a few hundred yards distant the one 
from the other, and the people are mixing daily. The well at 
Fergushill being badly polluted with sewage, if the typhoid fever 
poison did get in it would certainly propagate in the water." As 
there was no other ascertainable cause for the occurrence of this 
outbreak at Fergushill, we may safely conclude that the infection 
came as stated by Dr. Milroy. The wonder is that, under the 
circumstances, it did not occur sooner. 
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This was not the end of the mischief. The outbreak of fever 
ran its course through the summer. It was constantly renewed, 
as in Benslee, by the bad sanitary conditions of the village. From 
first to last between 50 and 60 persons were stricken. Then from 
this source a new series of poisonings took place. 

The Fergushill Burn, into which the sewage from the fever- 
stricken row is drained, ran past the farm of Mr. John Kirkhope 
of South Fergushill. Mr. Kirkhope's dairymaid became affected 
with the fever in September. She was either infected by this 
water or by visiting her father, who lay ill of the fever in Fergus- 
hill. 

At the same time, an outbreak of typhoid fever occurred in the 
Glasgow Infirmaries. In the Royal Infirmary, in the Western 
Infimiary, and in Belvidere Fever Hospital 104 persons were 
stricken as if by poisoning. Nurses and jjatients, surgical and 
medical, were alike stricken. In his report to the Town Council 
on this epidemic, Dr. Russell, Medical Officer of Health to the 
City of Glasgow, remarks : — " It will never be accurately known 
how much mischief this outbreak has worked.. A constant stream 
of patients was passing into and out of these institutions, while 
infection was being distributed with them. Several discharged 
patients have already been disco vei-ed ill. In such subjects, 
weakened by previous disease, the results must be severe. The 
majority of the cases are of a bad type." 

It is only necessary to say further that this outbreak in the 
Infirmaries, leading to such lamentable results, was traced by 
Dr. Russell to infection of the milk sent to these institutions from 
Mr. Kirkhope's farm at South Fergushill. The details of this 
investigation may be found in Dr. Russell's report to the Town 
Council of Glasgow dated 18th September, 1884. The water of 
the fanner's well was, in his opinion, contaminated by some ovei-flow 
of the Fergushill water-course, which contained the sewage from 
the fever-stricken village. The circle of poisonings is now com- 
plete. We have first the fever-contaminated manure sent out 
without the slightest precaution to the unsuspecting farmer by the 
Glasgow authorities. We have followed the development of it 
in Benslee. We have traced it from Benslee to Fergushill ; from 
Fergushill we have followed it to Mr. Kirkhope's farm, and we 
have been informed by Dr. Russell that it was thence conveyed 
back to Glasgow, and delivered with the milk at the dooi's of the 
Glasgow Infirmaries. We are further informed that from the 
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Infirmaries it has been disseminated into surrounding districts by 
Infirmaiy patients. 

This one exportation of Glasgow manure has been the starting 
point of a series of poisonings from which we know that 200 human 
beings have already suffered and numbers have died. But what 
is true of Glasgow manure is also true of the manure ti^ansported 
to the fields from eveiy community in which such diseases as 
typhoid fever prevail. Four years ago I related to this Society 
a series of similar outbreaks which occurred from the poisoning of 
wells in the village of Millport by privy manure containing 
typhoid excreta collected in Millport itself.* I pointed out in that 
paper that the history of such epidemics gives us a clue to the 
origin of contagious maladies in remote pastoral districts, which 
have hitherto been cited as instances of the spontaneous generation 
of these diseases. I do not believe in the doctrine of spontaneous 
generation in common filth. In these cases it is not the filth 
itself which does the mischief but the germs of disease from the 
excrements of diseased human beings which are associated with 
the filth and which propagate themselves in it. 

There is a remarkable statement in the 6th report of the Rivers 
Pollution Commissioners, published in 1874, which puts clearly 
and tersely what I believe to be the true theory of the propagation 
of typhoid fever. They say: — "The one essential condition for the 
propagation of such diseases as typhoid fever and cholera is the 
conveyance of infected matter from the stomach or bowels of the 
patient to the mouths of other persons." 

This statement, with which I fully agree, points to a variety of 
media through which the infected matter may be carried to the 
mouths of othere: — (1) dust particles of the dried excreta carried 
by the air may be breathed and swallowed; (2) the water-supply 
may be directly polluted with them; (3) the polluted water may 
carry the disease germs into milk, or the milk may be directly 
contaminated by dust particles of the excreta; (4) other articles 
of food may be similarly contaminated. 

With regard to the contamination of drinking water, with which 
we have specially to do in this paper, the Commissioners say : — "As 
the result of our inquiries into the polluted watere of this country 
we are compelled to state that it is a widely-spread custom, both 



* See Proceedings of the Philosophical Society of Glasgow, voL xiii., 
No. ), page 177. 
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in towns and villages, to drink either the water of rivers into which 
the excrements of man are discharged, or the water from shaUow 
wells which are largely fed bv soakage from middens, sewers, or 
cesspools." 

In the same connection they say : — ^' That such an unspeakably 
disgusting mode of infection is not only possible but imminent oy&t 
a large proportion of the inhabitants of Great Britain is conclusively 
proved by the numerous analyses of drinking water recorded in th9 
preceding part of this Report, and, far from the horrible practice 
just indicated being exceptional, it is the rule/' 

They then proceed to narrate numerous cases which prove that 
" vast multitudes of the population are daily exposed to the risk 
of infection from typhoidal discharges, and periodically to that 
from cholera dejections.'' But in no instance do they refer to 
epidemics produced by the distribution of these discharges througt 
the manure traffic of our towns and villages. This subject had 
attracted no attention, and had not been investigated by the 
sanitarians from whom they obtained the evidence referred to. 
They do, however, in various places condemn the use of water 
collected from the surface or the drains of cultivated land, the 
manure applied to which contained human excrementitious matter 
— " Indeed," they say, " when any portion of the manure consists of 
human excrements, the organic matter dissolved in the water 
becomes not merely disgusting but dangerous." In their recom- 
mendations they advocate that, owing to the difficulty experienced 
in agricultural districts of getting water from any other source— • 
*' in any scheme for the utilization for town supply of the pure 
water of a river basin, the wants of all the neighbouring villagea 
and hamlets should be provided for as far as practicable." 

It is therefore quite clear that the Commissioners were quite 
alive to the dangers of manure poisoning, but were unable to 
suggest any adequate remedy which would be applicable to the 
whole community. In the present state of the law our towns and 
villages cannot be prevented from selling their poisonous manures 
to the farmer, and the farmer cannot, at present, be prevented 
from using these poisonous manures as he thinks fit on fields 
which are the gathering-grounds of water supply. It is only after 
the poisoning takes place and the mischief is done that any 
precaution can be taken. We lock the stable door when the steed 
has been stolen. 

Four years ago I advocated the use by the large towns of ih$ 
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chemical and drying processes devised by Mr. Fryer, of Nottingham, 
by which the dangerous excreta are converted into a harmless and 
valuable manure. I pointed out to the Glasgow authorities the 
dangerous nature of the manure traffic as carried on in Glasgow, 
by which the excreta of one-half of the population, from the lowest 
and, in a sanitary point of view, the worst parts of the city, are 
daily removed to the country districts without any attempt at 
disinfection ; and I asserted that in some of our milk epidemics 
we were being punished for the recklessness displayed in these 
methods of disposal — the epidemics related in this paper prove the 
truth of this assertion. As far as I know, these recommendations 
and warnings had no effect. 

On the other hand, the farmer looks upon such outbreaks as 
mysterious dispensations of Providence, against which all pre- 
cauljions on his part are useless. He believes his manure-heap to 
be not only innocuous but healthful ; and he can see no difference 
between the farm-yard manure which he thinks so harmless, and 
the City manure in which, as we have seen, so many dangers lurk. 
His favourite idea is — the more muck, the more crop. Unless the 
strong arm of the Law is wielded for the protection of the com- 
munity, these periodical poisonings will go on. 

Although I still believe that some measure for the enforcement 
of precautions on the part of the large towns is expedient, not 
only in the interests of the iniral populations, but for the protection 
of city populations themselves, further reflection has shown me 
that the adoption of measures of disinfection by the large towns 
would not be sufficient. 

The large towns are certainly the greatest offenders and do most 
of the mischief, because their railway commimications, and the 
large amount of such matters at their disposal, enable them to 
disseminate the dangerous manure over very wide areas. But 
unless some less expensive apparatus than that devised by Mr. Fryer 
can be obtained, the smaller towns and villages will still continue 
to get rid of their diseased excreta by the old methods. We must 
therefore adopt additional precautions in the agricultural districts. 

The suggestions I have now to make are, first — that in amending 
the existing Health Act, a Clause should be inserted prohibiting, 
under an adequate penalty, the application of any organic manure 
to the soil within 200 yards of any well, reservoir, or water-course 
used for domestic or dairy purposes; secondly — that a Clause 
should be inserted forbidding the deposit or accumulation of 
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organic manure in any receptacle which has not been rendered 
impervious to water leakage ; and enacting further — that the 
overflow of any such receptacle for manure must be so conducted 
from it that it cannot contaminate the soil within 200 yards of a 
well, reservoir, or water-course. 

I think it can be shown that such enactments would not 
interfere with any public or private interest. With regard to 
my first suggestion, it would still be open to the farmer to use 
inorganic manures on the soil so restricted, which chemical 
manures can be proven not only to be innocuous, but quite as 
efficacious in fertilizing the ground as organic manurea With 
regard to the second clause suggested, it is, I think, high time 
that the traditional manure-heap at the farmer's door should be 
kept from polluting the soil on which his house stands, and the 
well which in most cases is within a few yards of the dungstead. 

In order to bring about a i-eform of this kind it is very important 
to show that tbe use of inorganic manures has already been adopted 
by practical farmers, because they have found it to their pecuniaiy 
benefit to do so, and not for any sanitary reason. Fmm this point 
of view, the question of the use of artificial manures, their chemical 
selection and scientific application to agriculture, has been most 
carefully investigated by M. Ville. His theoretical conclusions 
have been tested by practical farmers both in France and England, 
and found to be substantially correct. In his elaborate work on 
this subject, he says: — "Till within the last twenty years it was 
thought that farm-yard manure was the only fertilizing agent. 
We maintain that this is wrong, and that it is possible to compose 
artificial manures superior to and at the same time cheaper than 
farm-yard manure." In his preface to the French edition of his 
book, he says: — " To sum up, the materials to which plants owe 
their formation and the earth its fertility being known, we may 
with their aid manufacture manures which are superior to that of 
the farm-yard. The march of progress and our own interest 
oblige us to make a more extensive use of these materials. By so 
doing we shall increase the fertility of the soil and improve the 
condition of the people generally." 

It is quite impossible within the limits of this paper to enter 
upon the elaborate experimental proof by which M. Ville supports 
these conclusions. The following table explains his views with 
regard to the chemical ingredients in farm-yard manure which 
he believes to be of value as fertilizera, and those which are useless 
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because amply provided for in every soil and in common elements, 
air and water: — 

Fabm-Yasd Ma>'ure, 100 Parts. 

Water, - - 80*0 = 80 not wanted by plants in manure. 

Carbon, - - 6*80 j = 13*29 woody fibre, the elements of which 

Hydrogen, - 0*82 > have their origin in the air and 

Oxygen, - - 6*67 ' water. 

SiUca, - . 4-32. 

Chlorine,- - 0-04 I , . , 

Sulphuric Acid, 0-13 I = 5-07 secondary mmeral matter with 

Ferric Acid, - 34 ( ^'^^^^ *^° ^°^^ ^® superabundantly 

Soda, - a trace I ^ 

Magnesia, • 0'24 

Nitrogen, - - 0*41 \ = 1*64, with which the soil is provided to 
Phosphoric Acid, 0*18 f only a very limited extent, and in 

Potash, - - 0*49 ( which the efficiency of the manure 

Lime, - • 0*56 ^ essentially exists. 

M. Ville finds as a matter of experiment and experience that, 
with the exception of the last four, representing 1*64 per cent, of 
the whole, every other ingredient in farm-yard manure is amply 
and usually superabundantly provided for even in the very worst 
lands. As to deciding whether f arm-yard or chemical manure can 
be best employed is, he says, quite a secondary matter, provided 
the law of restitution in respect of the four exceptional elements 
be observed. No difference exists between chemical and farm-yard 
manure except with regard to appearance and bulk. We must, he 
says, restore to the soil more calcic phosphate, potash, and lime 
than the crops have taken out, because it is exclusively from the 
soil that the plants draw them, and we must also make up for the 
losses due to the solvent action of rain. We only require to restore 
about 50 per cent, of the nitrogen — part of the nitrogen required 
by plants being drawn from the air. It has been proven that the 
leguminous plants draw the larger part of their nitrogen from that 
source. For our purpose it is only necessary to be informed of the 
chemicals which M. Ville and those who act on his principles use, 
and to ascertain whether they are innocuous. He classifies his 
manures into five varieties, which may be used according to the 
necessities of different crops and differing soils. But on examin- 
ation these varieties of chemical manure are found to differ 
almost entirely in the respective proportions in which the four 
chemical substances are combined. These substances are calcic 
superphosphate, potassic nitrate, ammonic sulphate, calcic sulphate. 

Vol. XVL y 
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In some modifications potassic chloride is substituted for potasaic 
nitrate, in others sodic nitrate is substituted for ammonic sulphate. 
Now these substances, as applied to the soil as manures, do not 
poison the subsoil water as organic manures have been proven to da 

We find in the 6th report of the Rivers Pollution Commissioners, 
published in 1874, a series of analyses of the water coming from 
the surface drains of farms which for many yeara had been manured 
solely by inorganic manures. They say that the practice of 
manuring lands by substances exclusively inorganic, though still 
quite exceptional, is probably increasing, and therefore the study 
of water draining from such land in high cultivation is not entirely 
devoid of practical interest. 

It was found, as might be expected, that after such manures 
were applied to the soil the first rains which fell carried into the 
drains a considerable amount of those soluble salts, and on plots 
on which sulphate of magnesia and superposhphate of lime were 
largely employed the amount of these substances dissolved in the 
water was at first too great to permit of its use for washing 
purposes. Taking the most extreme case — a table showing the 
composition of drainage water from land in a state of high culti- 
vation, manured annually from 1844 till 1874 with a mixture of 
mineml and ammouiacal salts — the total haixlness varied from 76 
parts per thousand to 14 parts per thousand, and the permanent 
hardness from 65 to 7 parts per 100,000. 

The high figures are the results of analyses taken shortly after 
the manures were applied. A certain portion of the soluble salts 
enters the growing crops ; the remainder, at first absorbed by the 
soil, is gradually washed out of it. Although ammonia is added 
in large quantities in every case, yet it is present, but in very 
minute quantity, in the drainage waters. It is evident, they 
say, that some of the ammonia introduced into the soil as sulphate 
or muriate is transformed by oxidation into nitric or nitrous acids, 
and discharged in the drainage water as nitrates or nitrites, which 
afford in all these cases false testimony as to the previous con- 
tamination of the water with animal matters. 

The objection of too great hardness for wasliing pur|x>ses which 
applies to the surface water from tlie drains of an experimental 
plot heavily manured annually would not apply to the water of a 
well situated in a field cultivated in the ordinary fashion and 
only manured periodically at intervals of years. 

On talking over this question with a practical fanner in the 
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neighbourhood of Glasgow, and discussing with him the suggestions 
I have made to-night, he assured me that a law such as I have 
advocated could be enforced in this country without inflicting the 
slightest injury upon the farmer. This gentleman informed me 
that on some of the fields of his farm he has put nothing but 
chemical manures for 10 years, and tliat, both with regard to the 
fertility of the soil and the financial results, this method of manur- 
ing these fields has been a succesR. 

It is not, however, necessary for me to prove that the enact- 
ments advocated in this paper would benefit the farmer. Even 
although it could be proven that chemical manures wei*e not as 
profitable as organic animal manures, it is still the clear duty of 
the Legislature to protect the community from the periodical 
poisonings of which the cases narrated in this paper are examples. 
I am quite certain that when the attention of the medical prac- 
titioners of rural districts is drawn to this subject such occurrences 
will be found to be very common. 

A chemical examination of the water of wells situated in culti- 
vated fields may be of little value, because, except at the time of 
the periodical manuring, the water may be safe enough. On this 
point the Rivers Pollution Commissioners say : — **The importance 
of the history of water as regards its anterior pollution with 
organic matters of animal origin does not aiise from the presence 
of the inorganic residues (nitrates, nitrites, and ammonia) of the 
original polluting matters, for these are in themselves innocuous, 
but from the risk lest some portion (not detectable by chemical or 
microscopical analysis) of the noxious constituents of the original 
animal matters should have escaped that decomposition which has 
resolved the remainder into innocuous mineral compounds. . . . 
It follows from what has been already stated that chemical analysis 
cannot discover the noxious ingredients in water polluted by 
infected sewage or animal excreta, and, as it cannot thus dis- 
tingvdsh between infected and non-infected sewage, the only 
perfectly safe course is to avoid altogether the use for domestic 
purposes of water which has been polluted with excrementitious 
matter." 

Although the suggestions which I have made in this paper for 
the protection of the wells from pollution with excrementitious 
matters were carried out, it would not, in my opinion, relieve the 
large towns from the duty of disinfecting their disease-contaminated 
excreta. When such matters are scattered broadcast over the 
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country there must still continue to be lerial dissemination of 
poisonous particles, giving rise to scattered cases of contagious 
disease. Although advocated for quite another purpose, the pro- 
cess devised by the Messrs. Fryer of Nottmgliam, and adopted by 
such large towns as Manchester and Birmingham in England, ia^ 
in my opinion, the most reliable process yet devised to prevent the 
dangers of the manure traffic. In the concentration of the exxsn- 
mentB by this method, sulphuric acid is mixed with the liquid 
pulp, after which the pulp is subjected to a liigh temperatura In 
this process, not only arc the disease germs destroyed, bat the 
manurial value of the exci'cment is greatly increased. 

I can see no valid distinction, as regards criminality on the port 
of those responsible, between cases of {)oisoning by anenic or 
strychina recklessly distributed and cases of poisoning by typhoid 
or cholera discharges recklessly distributed, except that in the 
latter case the sutiferings of the victims are more protracted. I 
think that the person who wilfully continues to disseminate such 
matters when the mischief of this dissemination is clearly proven, 
and a means of preventing tlie mischief has previously been 
demonstrated to him, should be dealt with as sharply and punished 
as severely in the case of poisoning by organic manures as in any 
any other kind of culpable homicide. I hope that this paper will 
liave some good effect in directing the attention of the agricultural 
populations to the dangei's which they run in using these town 
manures, and to the benefits which may be deiived from the use 
of chemical manures in the neighbourhood of wells and of water- 
courses. 
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XXIII. — On the Form of the Human Skull at different Ages and 
in different nationalities. By John Cleland, M.D., LL.D., 
D.Sc., F.R.S., Professor of Anatomy in the University of 
Glasgow. 



[Read before the Society, 26th March, 1885.] 



AOE. 

The skull consists essentially of two parts, cranium and face^ 
and, whether considered zoologically or embryologically, the 
development of the cranium is earlier than that of the face. Thus, 
in the oldest vertebrates of which we have certain record, the 
sharks, which are also the simplest of the craniota, the cranium is 
largely developed and the face quite rudimentary; while in a 
chick, during the second day of hatching, the brain is already 
covered in before there is a trace of the face below it. I allude to 
these well-known circumstances because they are interesting on 
account of their bearing on the limitation of the law often laid 
down on the assumption of generic relationship, that the earlier 
a structure appears in the embryo the more remote the ancestiy 
from which it is derived. The late appearance and growth of the 
face, as compared with the cranium both zoologically and embryo- 
logically, agrees with such a law; while the appearance of the 
cranium and its contents before the digestive and vascular system 
can be recognised is in apparent contradiction to it. 

The facts of embryology appear to warrant the statement that 
the development of both brain and cranium is in the first instance 
^rom behind forwards ; while, on the other hand, the trunk is 
developed vertebra by vertebra in the opposite direction, so that 
it may be said that a spot, corresponding probably with exactitude 
to the vital node of Flourens, is the point of departure of two 
growths opposed in direction like the plumule and radicle of a 
plant. 

But neither the growth of the brain nor that of the cranium 
progresses regularly from behind forwards. Thus, as regards the 



342 Philosophical Society of Glasgow. 

brain, the pai-t connected with the eye, namely, the primary optic 
vesicle, is of proportionally enormous size, before there is any 
discemable appearance of the lateral outgrowth similarly related 
to the ear, namely, as I maintain, the flocculus; also, the mesence- 
phalon at one period gains a preponderance over the parts both in 
front and behind, which is afterwards altogether lost, and the 
cerebral hemispheres, appearing at first in front, expand backwards, 
so as to cover in man all the parts behind, and bear at birth a 
greatly larger projwrtion to the cerebellum than they do afterwards. 

Doubtless the irregularity of the rate of development of the 
difierent parts of the cranium depends to a considerable extent, 
though not perhaps altogether, on the peculiar mode of develop- 
ment of the brain. The curvature of the head in early embryonic 
life, known to occur in all the craniota, is obviously the result of 
the greater development of the brain on its dorsal than on its ventral 
aspect, while as yet it is a narrow cylinder, not completed, closed 
on the dorsum. But, notwithstanding that early curve, the base 
of the skull resumes in the lower vertebrates the original direction 
of growth, and extends, till arrival at the adult state, in a straight 
line forwards from the vertebral column. In mammals, however, 
an added law of growth becomes conspicuous. In them, and even 
in birds, there is, in consequence of the greater growth of the 
cerebral hemispheres, an elongation of the roof of the skull as 
compared with the base, and the cranium becomes thereby curved. 
This curvature in adult mammals is greater, the greater the 
enlargement of the hemispheres ; until, in man, it completes a 
semi-circle, that is to say — the floor of the forepart of the cranial 
cavity is pai'allel, or nearly so, to the foramen magnum ; sometimes 
falling a few degrees short of parallelism, sometimes slightly 
exceeding it, as I pointed out in the Philosophical Transactions 
of the Royal Society in 1869. I trust that I now make it 
sufficiently distinct that this semi-circular bend, which I then 
displayed in its growth and variations, and t,ermed tlie cranial 
curvature y is totally distinct from the embryologists' curve of the 
brain and its surroundings. The latter, indeed, afiects the capsule 
in which the cranium afterwards appeara, but it does not throw 
into a curve any part of the cartilaginous base. Perhaps this 
very circumstance is coiTelated with the splitting up of the 
cartilaginous base into the trabeculae. 

The extent of cranial curvature is not only an element, as we 
shall see, of importance in estimating differences of race, but is 
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interesting in relation to the changes of foim undergone by the 
skull during growth; and it is in this connection that I now 
allude to it. It appears, so far as I can judge, to be completed 
within a few years after birth ; but at the date of birth is four or 
five degrees short of completion, and in skulls, from the fifth to 
the eighth month of footal life, seems on an average to reach little 
more than 160"*. When it is considered that 20" is one-sixth part 
of the average adult curvature of 180", it will be understood what 
a considerable proportion of the length of the adult arch is con- 
nected with increase of curvature subsequent to the middle of 
foetal life. 

It is to be observed, however, that the great proportional 
length of the arch, as compared with the base, does not depend 
solely on the curvature of the skull, but even more obviously on 
the widening of the cylinder so curved ; and a remarkable series 
of different shapes is passed through in consequence of the different 
rates according to which arch and base elongate and inci'ease in 
breadth relatively one to the other. 

The arch elongates more rapidly than the base in/cetal life^ until 
at birth or soon afterwards, the arch, as measured from the root 
of the nose round to the back of the foramen magnum, has reached 
its highest proportional length, as compared with a straight base- 
line uniting the same points, namely, a proportion slightly ex- 
ceeding three to one (Fig. 4). This proportion appears to be retained 
till somewhere about ten years of age; while in the adult the 
proportion is diminished to a degree varying according to the 
development of the face bones, and in old age is, I believe, again 
increased by actual shortening of the base, and sometimes by 
thickening of parts of the arch. So far as my measurements 
went, they showed in a set of Scotch skulls an average proportion 
of 2-72 to 1; in French, 2*67; in Gennan, 2-80; and in Irish 
skulls, 2-89 to 1. 

The breadth of the vault in early childhood also greatly exceeds 
that of the base ; and this, like the comparative elongation of the 
base just alluded to, is correlated with the growth of the face. 
At birth the tympanic plate scarcely extends outwards beyond 
the tympanic membrane ; the length of the external auditory 
meatus is a subsequent growth in the first twelve years of life, 
while up till adult life there is an outward shifting of the lower 
edge of the pars squamosa^ connected with broadening of the 
brain in the region of the middle lobe, and also with continued 
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separation of the condyles of the lower jaw. So also the separa- 
tion of the external orbital processes of the frontal bone means a 
broadening of the basal part of the anterior lobes of the brain, 
and separation of the malars with strengthening of the superior 
maxillaries as weU. But as in length, so in breadth^ U is not till 
birth that Uie maximum proportion of ardt to base is reached. 

The increase in breadth of the posterior nares goes on rapidlj 
immediately after birth, before the union of the great alae with 
the body of the sphenoid, while the distance between the inner 
edges of the foramina ovalia does not increase nearly so much. At 
birth the posterior nares may be about half-an-inch in width, 
while the foramina ovalia are nearly an inch and a quarter 
separate; but in the adult the width between the foramina ovalia 
bears a proportion always a little less than twice the width of the 
posterior nares, a proportion reached as early as in the second 
year. 

Again, both in length and breadtJi, different regions of the 
vault grow at different rates. Earlier than the time when the 
maximum proportion of arch to base is reached, probably about a 
month before birth, the parietal region has reached a maximum 
preponderance over the frontal and occipital; and the ocdpital 
and frontal regions, but especially the frontal, henceforth grow 
more rapidly till tbe adult proportions are reached. In connection 
with this is the circumstance that about a month before birth the 
parietal region as seen in profile has the roof more bent on itself 
from before backwards than afterwards, while the forehead and 
occipital part of the vault are flatter. After birth, the forehead 
especially begins to round out at the level of the middle of its height, 
and the apparent flattening which seems to take place later in 
adolescence is connected with the growth of the face and the frontal 
sinus. It is well known that the degree of separation of the frontal 
eminences one from the other in the adult is related to the length 
of time that the frontal suture remains open. Thus, premature 
closure of that suture is the cause of a triangular form of skxdl in 
which the middle of the forehead has been likened to the edge of 
an axe ; while, on the other hand, open frontal suture in the adult 
is sometimes found without any alteration of the usual form of 
the skull, but more fi*equently is associated with normal frontal 
breadth ; the continued widening of the frontal r^on by growth 
of the brain being in the latter case the cause of the suture 
remaining open. It is ea^y, however, to note that the frontal 
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bone widens more rapidly to its peiinanent width at the coronal 
suture than it does further forward, and that the most prominent 
part of the frontal eminences somehow continues to be situated, 
from birth till adult life, directly above the external angular 
process, or a shade nearer the middle line; but the extremities of 
the exteiTial angular processes, which are intimately connected 
with the breadth of the face, continue to retreat one from the 
other long after the usual period of disappearance of the frontal 
suture. Indeed, they go on widening the space between them up 
till puberty, in harmony with the widening of the face. Up to 
the same or a later date, the frontal eminences continue to rise 
further above the level of the orbita 

At birth the orhito-nasal angle is greaier than it is either be/ore 
or afterwards. This is another curious instance of different parts 
growing at different rates in different periods of life. The orbito- 
nasal angle is an angle of which I first showed the importance in 
my memoir in 1869. It denotes the angle at which the front of 
the upper jaw lies to the floor of the anterior fossa basis cranii; 
and the mode in which I measured it was by taking the angle 
between a line extending forward from the optic foramen as far as 
the fronto-nasal suture, and another from that suture to the base of 
the nasal spine. It is small in early foDtal life on account of the feeble 
development of the face, while its diminution after birth indicates 
that whereas the position and size of the alveolar arch at birth are 
determined by the position of the pterygoid processes and the space 
required for the young teeth, the enlargement forward required 
for the full development of the permanent teeth is less than the 
forward growth of the forehead in connection with the anterior 
lobes of the brain and the enlargement of the frontal sinuses. 

A curious series of changes in the form of the growing skull 
depends on each roof bone being at first conical and cfterwards 
more nearly approaching a spherical curve. Before birth it is seen 
very distinctly that the two frontals, the two parietals, and the 
supra-occipital each present a prominent eminence whence the bone 
radiates in nearly straight lines. After birth the five eminences 
become gradually rounder, while the rounding becomes diffused 
over a larger part of each bone. But in adolescence there still 
remains in the mesial plane a comparative prominence between the 
frontal eminences and another between the parietal eminences, 
while, below the frontal eminences, and in front of and behind the 
parietal eminences, are flat parts which in the male adult are more 
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up till adult life. But in old age the condyles often flatten again, 
and aUow little or no moyement 

The other and, I think, more important change in the condyles 
from infancy to adult life is the gi*owth of a wedge of bone between 
the forepart of each to the level of the surrounding parts of the 
skull (Figs. 2 and 3.) This wedge is formed by projection down- 
wards of the lateral angles of the hinder margin of the basilar 
ossification of the occipital, and plays a most important part in 
artistic anatomy, although artists when they sketch without the 
model show themselves as ignorant of it as their pei-functory 
anatomical teachers. It is by these wedges that the position of the 
head in the erect posture is altered so as to preserve the balance 
while the head changes its shape. For some time after birth, the 
highest part of theJiead is placed well back in the parietal region; 
but as the face and the forepart of the brain get heavier in proportion 
to the hinder part of the skull, the inti*oduction of these wedges 
changes the position of the skull, just as in an old-fashioned gun- 
carriage the direction of the cannon was changed by the introduction 
of similar wedges. Thus, as adult age is approached, the frontal 
eminences which projected forwards in childhood are thrown 
upwards and backwards, and the face and lower part of the fore- 
head in the male owe their adult prominence as much to change 
of position as to increase in dimensions ; while the hinder part of 
the head, in like manner, is made to appear fuller, not only 
by real enlargement but by the occipital tuberosity being pulled 
down. 

Sex. 

The peculiarities of the female skull consist mostly in the 
circumstance that some of the later developments which take place 
in the male do not occur to the same extent Thus, it was fii'st 
distinctly pointed out by Huschke that the frontal and occipital 
capacity are in the female smaller in compaiison with the parietal 
than in the male. The frontal eminences are correctly represented 
by ai-tists lower and nearer together than in the male, the fore- 
head below them less prominent, and the face bones lighter; while 
in harmony with these peculiarities the position of the skull on 
the vertebral column is more childlike, with the parietal region raised 
high above the forehead, by reason of want of development of the 
wedges supporting the condyles. Further, thei*e is a general 
tendency to feeble development of the base both in length and 
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ttoc a ^^tRwnwn?** or imporcaace as a lace character, but it is owing 
to tliBe t«&iex]£ir zo laiT^l base thas female sknUs are often so 
dMikiait is. Teccas&I Aei^c Tbe circiimsianoe that such difier- 
eoc^s lit sceepooBss fiUTe so ecSeirc in derangb^ the parallelism of 
ik^ plaxxie of tke tS^raanezi macaam and the anterior fossa basis 
^xanii. b surelT reason saTf>ni^4 for ictdading the fwamen magnum 
in the ObmsarenDent of tke base, jr^rtipail of omitting it» as is done 
bT weae ueasiirers wb> seem onabie to nnderstand that a skoll is 
a Biorpho^gikal stnacmev ^^^ i^^ & packing-box. 

Xjltioxalitt. 

It fe» HOC mr intention as tke present time to enter into 
an inTif«t%atioin of the detailed pecoliarities of the skulls of 
di^Rnent nwes^ bat oclIt to (loint attention onee again to certain 
principles whkkaRStili too little appreciated. I make no personal 
cvHupLaint. I have to acknowledge, for example, that in Froieaaor 
Turners memoir, just pablisked in the ^Challenger' Reports, ererr 
disposition is shown to do justice to anything that I may have 
done. But facts are strv>Qger than fc&siiions^ and when craniologists 
ignore focts ic is a pity for their work. 

In my menKnr, already leforred to, attenti<xi was explicitly 
directed to the mixture of diderent characters which had long been 
jumbled together in estimating the prognathous or orthognathous 
character of a skull, and the considerations there mentioned would 
hare made it plain, had observers taken them into aooount^ that 
no addition of such words as ^' opisthognathous "^ or ^meeog- 
nathous'' could lessen the confusion. Since then, ProfosBor 
Flower has introduced a new measurement, namely, a OMnparisoa 
of the distance of the basion from the mesial projection of the 
alveoli with the distance of nasion from basion, ^l^in^ing for it 
that it *' expresses the measure of gtuUhUm of the skull quite as 
accurately as any of the other methods of angles or indices." 
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It is an improvement on methods prior to 1869; but is a measure- 
ment similarly influenced by dissimilar circumstances, and therefore 
untrustworthy. It is necessary to distinguish as bearing on 
gnathous appearances several distinct matters : — 

1. The conformation of the alveolar arch is to be attended to. 
This determines the prognatJious or orthognathoua character of 
dentition^ a point trhich can be most accurately recorded by 
noting the angle between the floor of the nose and a line drawn 
down the centre of a first incisor alveolus. Such a measurement 
would be strictly accurate, and might be accompanied with a 
record of the angle at which the first upper incisor alveolus lay 
to the corresponding alveolus of the lower jaw. 

2. The relative position of the jaw to the part of the skull 
beneath which it lies should be noted. That can only be done 
by measuring the orhito-naaal angle. Large size of this angle 
has nothing whatever to do with prognathous dentition. Prog- 
nathous dentition is a thoroughly savage character, and is the 
most important element in that apparent projection of jaw which 
Blumenbach and Iletzius sought to give importance to. But a 
large orbito-nasal angle is not a character of savage or degraded 
sort. The French, and next after them the Scotch, have it large. 
In the English, I believe, it will be found to bo smaller; and 
in the Irish and the Germans as small as in any nationalities 
whatever. 

3. Nasal height^ or distance from nasion to nasal spine, is a 
distinct element, affecting the prognathous appearance of a skull 
as viewed on a flat table, but neither connected with the dentition 
nor with the orbito-nasal angle. Compare the elongated face of 
the North American Indian with a short-faced Negro or Australian 
with prognathous dentition, and it will at once be seen how absurd 
it is to confuse two such different characters, because they are 
accidentally similar in their effects on the appearance as judged by 
the norma verticalis, or on the gnathic index of Flower. 

4. Measurements of the base ought to be kept quite distinct from 
gnathic measurements. But it is obvious that in a skull with a 
short and level base the gnathic index of Flower will be 
increased, and that the description of base which will most 
diminish that index is that which has a steep and elongated 
clivus, combined with shortness forwards from this to the nasion. 
The original mode of estimating projection of the jaws by the 
norma verticalis had the additional fault that it was affected by 
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cbe aiiioimt of the cimiuaii carrmtuie, the increase of which is 
■imilsjr in its etfect on the position of the skull when set on a 
table to what the introdaction of a block below the occipital 
woold be. 

Cranial cnnratore should be roistered sepaiatelv, and, so far 
as my inquiries went, no measurement promised better resaltSL 
It seemed even to point to a distinction between aboriginal races 
arrested in deTelopmeut, whose cranial curve was not ret com- 
pleted, and others, as the Australians, in which it had exceeded 
the amount found in civilized races. But onlv those who have 
access to verr large collections can sufficiently investigate such a 
point. 

The use of numbers called indices for the estimation of differ- 
ences of form in the cranium I consider tinfortunate. It always 
involves a comparison of two measurements which, for all that 
has been ascertained, stand in no natural relationship one to the 
other. In the ninth edition of *' Quain's Anatomy," Retzius is 
alleged to have introduced the cephalic index, but that great 
anatomist knew better than to do any such thing, and this I have 
shown (Op. cit., p. 145). What he really did was to divide skulls 
into two great groups, which he termed dolichocephalic and 
brachycephalic on account of length being an important distinc- 
tion, but by no means the only distinction to he noted between the 
two groups. 

A South German skull, however broad it may be, has no 
approach to the mesial characters of the brachycephali of 
Retzius, but it resembles the North German skulls in a great 
deal. If it be taken into consideration that the mesial base 
has its parts united by bone at a very much earlier period 
than that at wliich the skull ceases to increase in breadth, 
it will be seen that, according to that generally -accepted 
law which was referred to at the outset of this paper, the 
ancestors of the broad-headed races would have had the mesial 
hasal characters of their descendents before they acquired the 
MiQie breadth. The skulls also of African n^roes seem to be 
worse filled and narrower than those of negroes from America. 
Altogether, it seems at least highly probable that breadth is a 
later-acquired character than length, and governed by different 
laws. I am the moi*e induced to make this remark, when I 
recollect that in all three regions of the base, viz., foramen 
magnum, mid base, and frontal base, I found in savage races a 
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greater elongation than in any civilized races. It would seem 
that civilization tends to arrest tJie growth longitudinally of tlie 
base, and to induce iiicrease in breadth. At any i*ate it were 
safer to trust to measurements of absolute length and breadth 
than to give importance to the proportion borne by one to the 
other. 

With regard to height, which is now recognised as a highly 
impoitant character, it may be a question whether absolute height, 
or proportion of, is the more important to take into consideration. 
The disadvantage of the proportional number is that it is a pro- 
portion between two quite distinct things not necessanly connected, 
and Taries according to the rise or fall of eithei\ Still I own 
that I was induced in 1869 to calculate the proportion of height 
to length, although I had not the glory of inventing for it the 
name of " vertical index," " altitudinal index," or " index of 
height.'* My reason for making the calculation was that I 
thought I saw a tendency to height in brachy cephalic skulls, and, 
believing that height was a character less dependent on indi- 
vidual peculiarity than breadth, thought that a means might thus 
be obtained of accentuating a natui'al order of brachycephali, 
such as Retzius aimed at, while, as I suggested, the consideration 
of breadth would be better made use of for subdividing the brachy- 
cephali and dolichocephali, thus gathering the Hindoo, Sandwich 
Islander, and New Zealander, to which I may add the Burmese 
and the Malay, under the name of brachycephali angustiores, 
while the South Germans would be distinguished as dolicho- 
cephali latiores. The circumstance that certain skulls, such as 
Kafirs and Fijians, combine positive height with elongation, 
makes the division of skulls into hypaelocejyhalic and tapeino- 
cephalic inadvisable, although, in an evil moment, 1 suggested 
the words, and the same or similar terms have occurred to other 
writers. 

That which ought ever to be considered the most remarkable 
feature of the brachycephalic order of skulls indicated by Retzius, 
next to this absolute shortness, is the peculiar curve of the occipital 
bone behind the foi'amen magnum turning up rapidly to the 
probole. In connection with this, however, the circumstance 
must be taken into account that the occipital protuberance (inion) 
descends with age, and that most frequently in old age the skull 
is depressed in a backward and downward direction, the forehead 
becoming more sloping and lower, while the curve of the arch 



252 F^uoMpmyau i«>hd^ a/ Ghugaw, 



-sisaaLj itasBL bcsors baizkwaniL Thna the appearance 
in pioiiLe is :i«iak*reu. iiore doiichoccphaiic even though there maj 
be jiL-raueti -^ridtii lucve ^ eeua i Fig. 1. e and <iL ) This shows 
die unpu!iraat.ts ji Tiking aa» incu oonsifiaTuion more than it has 
in die gnmacnn •of radai peeoiiarities. 



SXPLAXkUDBT OP PLATE. 

L — SuainLiBd Jiu>^iiu£ ^oid. zaciiigs af aaiunrene wctioiia of three aknlLs. 
Gfeca wttxun .lan paaaeii dumuni die ooDiivieik che &}repart of the mudtoid 
pnKvoMS lad tse ^rvpsrs Jt oiw parKtal eminqicea : — 

L Fr*«iii A fwcas oi dte ninth miiiitft. prewrved in weak spirit, with 

thii bnm Jiad jitryiinniHa Tmremoved. 
V Skail yji jbuat 7w«IrQ vous of :i^<e. 



± — ^xw it rbchc occxpiU comiyik! of an infimt at birth, as seen oo 
^*«**^*j t niinini iririnn (jiilmh c am spirit: — 

j^ Baslar piQoeak 

\ P:irt bwhimi dmi furamoL ma^tirtt 

.*. Innisr «aic« li sw oinutyle. 

3w — riM SUM p«rQi m oitt skoUof juaislt male: — 
Jk X .V Jls id pivctttiiiic igore. 

L T^ uGiinur wriur of ditf wedge of bone bj mmu of which the 
sk-nll aad betm. ^T^inaHy raised op from the forepart of the con- 

viyle lad tiltett biickwania^ 

4. The mes^d v.*Tirve .^f die irch of 5j<tr skolls : — 

X Fvi*caa fvar acndu old. 

7. OvTfT Twu years old — aalf-«tze. 

•.\ AvItiIs male. 



S^iU» — The greaOHC core ought to be taken in forming on opinioa aa to 
the exjurt au;e in the ooa? of sknUs which show signs of being beyond the 
y«xing adnh condition. FtoDCsaor Tamer expresses some reliance on the 
condition of the sntares and the teccb. The nncertainty of the dnratton ol 
the teeth requires no remark, bat eTen the coDditkm of the sutui e s is a 
rery far from reliable evidence. Early synoetoeis is not rare, and I hare 
in my poeaesaion the sknil of an octogenarian male, whose appearance 
daring life I happened to be familiar with, and it has all the sntnres 
apparently open, with the exception of a slight commencement of ckeore 
in the middle of the sagittaL Ageing sets in at a rate greatly Tarying in 
different persons. Gravitation clamges, and the abeoq^ion of diploe in 
patches are probably signs of age at deserving of attentioo as any. 
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REPORTS OF SECTIONS 

FOR SESSION 1884-85. 
[Received at Meeting of Society on 29th April, 1885.] 



1. — Report of the Architectural Section. 

During the Session eight Meetings have been held. The follow- 
ing is the list of papers road at the Meetings : — 

November 17, 1884. — Opening Meeting. Presidential Address 
by James Sellars, Esq., Architect. 

December 1, 1884. — James Thomson, Esq., Architect, read a 
paper, subject, " Other hindrances to Health in our Houses." 

December 15, 1884. — James A. Walker, Esq. (of Messrs. Wm. 
Bryden k Sons), read a paper, subject, " Bellhanging." 

Januai^j 19, 1885. — Thomas Gildard, Esq., Architect, read a 
paper, subject, ** An Architectural Excursion." 

Febriuiry 2, 1885. — William Gilfillan, Esq., read a paper, sub- 
ject, " Marbles, Mosaics, and Tiles." 

Febmart/ 16, 1885. — Robert M*Gilvi*ay, Esq., Plasterer, read 
a paper on *' Plaster Work." and Henry Morrison, Esq., one on 

" Slates." 

March 2, 1885 — David Barclay, Esq., Architect, i*ead a paper, 
subject, '* The Cleansing ot* the River, and a Substitute for Water- 
closets;" and William Key, Esq., Gas Engineer, exhibited and 
described his Patent Water-Regulating Valve. 

March 16, 1865. — W. P. Buchan, Esq., Sanitary Engineer, read 
a paper, suV)ject. " The Past and Present condition of Plumber- 
work from their Sanitary asj»cct." 

'i'he thanks of the Section are due? to all the.s(» gentlemen. 

During the Session 29 Associates Joined the Section. 

N'nL. XVI. /. 
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The Annual Business Meeting was held on Monday, ]March 16, 
when the following gentlemen were elected to ortice :- 

J^rettident — William Landless, Esq., Architect. 

Vice-Presidents — David Thomson, Esq., Architect, and Alex- 
ander Muir, Esq., Builder. 

Treasurer — James Howatt, Esq., Measurer. 

Secretary — Mr. A. Lindsay Miller, Architect, 121 West Regent 
Street. 

Members of Council — James »Sellais, Esq., Arcliitect; John 
Honeyman, Esq., Architect; T. L Watson, Esq., Architect: 
Thomas Gildaixl, Esq., Architect; C. T. Bowie, Esq., Decorator; 
John Dansken, Esq., Measurer ; William Howatt, Esq., Measurer ; 
W. P. Buchan, Esq., Sanitaiy Engineer; Wm. Gilfillan, Esq., 
Marble Cutter ; R. A. M*Gilvray, Esq., Marble Cutter. 

A. Lindsay Miller, Architect, 

Hon. Secretary of Section, 
121 West Recent Street. 



2. — Kepokt KUO.M Chemical .Section for Session 1884-85. 

Owing to the establishment in Glasgow of a branch of the 
Society of Chemical Industry of Great Britain, such Cliemical 
papers as were formerly communicated to tiie Philosophical 
Society are now divide<l between that Society and the Society of 
Chemical TndustiT. 

Li consequence, only two Meetings of the Section have been 
held — chiefly in connection with the administration of the Graham 
Fund and the providing of papers for the parent Society; but if 
more papers come forward than can be read at the ordinary 
Meetings of the Society, separate sectional Meetings will be held. 

At a Meeting of the Society held on the 17th December, 1884, 
the Gmham Medal was awarded to Mr. Edwaixl C. C. Stanford 
for a research in Algin, a substance in sea weeds, discovered by 
him.* 

The following papers were contributed from this Section : — 

Mr. J. J. Coleman, on "An Air or Gas Thermometer." 

* ^^cc /*roccc//i«,'/>'. vol. .\^ i., p. 368. 
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Mr. J. J. Coleman, Addre&s. as President, on ** Liquefaction of 

Atmospheric Air," ^c 

JOHN MAYER, 

• Secrttartf. 



3. — Report of the Geographical and Ethnological 
Section for Session 1884-85. 

At the Annual Meeting of the Society, held on 19th November, 
1884, Article III. of the Constitution of the Section was so 
amended that in future the Ordinary Members of Council number 
twelve instead of nine. 

At the same Meeting Mr. Michael Conual and Dr. Thomas 
Muir were elected Vice-Presidents of the Section, Dr. G. A. 
Turner was re-elected Secretary and Treasurer, Dr. James Christie 
and Mr. William Ewing were i*e-elected, and Messrs. James Smith, 
Nathaniel Dunlop, Walter Duncan, and Jacques van Raalte were 
elected Members of Council. 

Four papers from the Section were read before Meetings of the 
Society during the Session. Ist, on ** African Colonies and Coloni- 
zation/' by the Rev. J. E. Carlyle, on 7th January ; 2nd, on his 
Travels in the East Indian Archipelago, including a statement as 
to his proposed exploration of New Guinea, by Mr. H. O. Forbes, 
F.R.G.S., on Uth February ; 3rd, on *The Eastern Trade Route 
to Central Africa," by Mr. Frederick H. M. Moir, on 18th Feb- 
ruary ; 4th, on ** Tropical Africa, with notes on the People, 
Climate, I'roducts, and Natural History," by Professor Henry 
Drummond. F. U.S.E., F.G.S., on 1st April. 

In December last Mr. James Stevenson, Vice-Prc«idoiit, gave 
a grant of £l'5, through the Section, to aid Mr. H. O. Forbes 
in his proiK)sed expedition to New Guinea, and as the result of an 
appeal made on the night of his address to the Society, further 
subscriptions, amounting to £15, have been received for the same 
object. 

Forty-four gentlemen have been elected Associates in the course 
of the .Session. 

A copy of Dr. W. Vissering^s volume on ** Chinese Currency, 
Coin, and Paper Money," was presentc<l to the Society, through 
the Section, by Mr. Jacques van Kaalte. 

On the 3rd April a Joint Mc<?tiug of the Section and the Scottish 
Geographical Society was held in the I'hiloHOpliical Socioty'ii Hall, 
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when a paper by Mr. H. H. Johnston, F.R.G.S., on "British 
Interests in East Africa," was read. Ari*angements arc in pro- 
gross by which it is hoped that a scries of such Meetings will be 
held durmg next Session. 

Uffice-Bearers for 188-4-85. 

President-^N . G. Blackie, Ph.D., F.R.G.S. 

Vice-Presidents — James Stevenson, F.R.G.S. ; Michael Connal, 
Esq.; Thomas Muir, M.A., LL.D., F.R.S.E. 

Secretary and Treasurer — G. A. Turner, M.D., CM. 

Members of Council — Mr. James Griei'son, Mr. Maxwell Han- 
nay, Mr. William Ker, Mr. Jacques van Raaltc, Mr. Alexander 
Scott, Mr. John Steel, Mr. W. Renny Watson, Mr. Walter 
Duncan, James Christie, A.M., M.D. ; Mr. William Ewing, Mr. 
James Smith, Mr. Nathaniel Dunlop. 

Geo. a. Turner, M.D., 

Sfcreinryj 
I Clifton Place, Saucuiehall Street. 



4. — Report of the Sanitary and Social Economy Section 

FOR Session 1884-85. 

A Meeting of the Section was held on 5th November, 1884, at 
which the following office-beairei's were elected : — 

President — Dr. James Christie. 

Vice-Presidents — Mr. Alexander Scott, Mr. W. P. Buchan. 

Secretary — Mr. W. R. M. Church, C.A, 

Members of Council — Dr. Fergus. Mr. J. Cleland Bums, Mr. 
W. R. W. Smith, Mr. H. K. Bromhead, Mr. Alexander Frew, 
Dr. J. B. Russell, Dr. Carniichael, Dr. Glaister, Mr. Jolin Young, 
Mr. Paul Rottenburg, Mr. Kenneth H. Macleod, Dr. Ebea 
Duncan. 

It was agreed to recommend that pai)ers by the following gentle- 
men be read before the Society during the Session, viz. : — (1) 
Presidential Address by Dr. Christie ; (2) \m\^r by Mr. Kenneth 
H. Macleod ; (3) paper by Dr. Eben. Duncan. Of these, however, 
the first was only delivered, as, unfortunately, owing to pressure 
of work, neither of the other gentlemen could get their papers 
overtaken. 
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In their place, however, Dr. Glaister read a i)aper on "'An 
Enquiry into the necessity for Legislative Reform in Scotland in 
regard to I^ncertitied Deaths,'' and Dr. Eben. Duncan read a paper 
*'0n Manure Poisoning, with suggestions for the prevention of 
the Pollution of Wells in Afiricultural Districts." 

W. R. M. Church, 

Secretary, 
75 St. (iEorge's Place. 



5. — No Report from Biological Section. 



MIXriES OF SESSION. 



■T«4 Xjr«p»#A«fr. 1334- 

Tlie PhiloBopiuc&I Socxecr oc GL&seow held its First Meeting for 
Sesaoa iN^I-^ oa tiie eTpnfng of the 5di Xovember, 1884, at 
«ig&t o'clock pLBL. in the Boqbk a£ the Sooecr. 207 Bath Street 
— Mr. Alex&ndier Scoct. Tice-Preddent. in the Chair. 



1. The Minutes of List Meeting* of the Society were read, and 
approTed and signed br the Chairman. 



2. The following were p r o poae d for election aa Members of the 



Mr. Jaa&es ChahDcra^ Architect, 113 West R^oit Street 
Recommended bj Mr. R. A. MKlrilvraT. Mr. A. Lindsay Miller, 
and Mr T. L. Watson. 

Mr. Leonard Gow, Junior, 19 Waterloo Street. Recommended 
by Mr. George A. MitcheU. Mr. Alexander Scott, and Dr. 
M^Kcndri^ 

Mr. W. Shir^fs, Sculptor, 249 West George Street. Recom- 
mended by Mr. R. A. M'GOTray, Mr. A. Lindsay Miller, and 
Mr. T. L Watson. 

3. Professor Grant, M.A.. LL.D., F.RS., Hon. Vice-President, 
read a paper on *' The Proper Motions of the Stars," for which he 
received a cordial vote of thanks. 

4. On the motion of Dr. M'Kendrick, Mr. Robert Goodwin and 
Mr. W. R. ^L Church were appointed Auditors of the Treasurer's 
Accounts for the past year. 

5. On the motion of Mr. Jolin Mayer, the Standing Orders 
were stispended so as to admit of a motion as to a change in the 
Constitution of the Geographical and Ethnological Section being 
considered without previous notice. 



• 30th April, 1884. ?iee vol. xv.. p. 385. 
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G. On the motion of Dr. Thomas Muir, it was unanimously 
agreed to substitute for the word " nine " the word " twelve " in 
Section (3) of the Constitution of the Geographical and Ethno- 
logical Section. 

7. Dr. Thomas Muir gave notice that at next Meeting he would 
again move this alteration so as to meet the requirements of 
Section (11) of the Constitution of the Greographical and Ethno- 
logical Section. 

8. The Chairman announced that JMr. Andrew Hamilton and 
Mr. JohiLston Wardlaw had been dulv elected Members of the 

ft 

Society. 

(Signed) JAS. B. RUSSELL. 



19th XovetnJber, 1884. 



The Philosophical Society of Glasgow held its Eighty-third 
Annual Meeting on the evening of the 1 9th November, >884, at 
eight o'clock p.m., in the Rooms of the Society, 207 Bath Street 
—Dr. J. B. Russell, Vice-President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling the Meeting, were held as read, were 
approved, and were signed by the Chairman. 

2. Mr. Andrew Hamilton and Mr. Johnston Wardlaw were 
admitted to the Memberehip of the Society. 

3. The following were jn'oposed for the Membership of the 
Society : - 

Rev. Alexander Brunton (Albert St. U.P. Church), Ardbeg 
Villa, Craigpark, Dennistoun. Recommended by Sir William 
Thomson, Professor Ferguson, and Professor M^Kendrick. 

Mr. James Campbell (of TuUichewanj, 137 Ingram Street. 
Recommended by Sir William Thomson, Professor Ferguson, and 
Professor M*Kendrick. 

Mr. J. Wyllie Guild, C.A., 17 Park Terrace. Recommended 
by Sir William Thom.son, Professor Ferguson, and Profes-sor 
M*Kendrick. 
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Mr. T. Fred. Haldane, Chemical Manufacturer, Cartvale Chemical 
Works, Paisley. Recommended by Mr. Wallace Fairweather, 
C.E., Professor M'Kendrick, and Dr. W. G. Blackie. 

Mr. Andrew Simpson M*Clelland, C.A., 4 Crown Gardens, 
DowanhilJ. Recommended by Sir William Thomson, Professor 
Ferguson, and Professor M*Kendrick. 

Mr. Thomas O. Niven, C.K, 131 West Regent Street. Recom- 
mended by Dr. George A. Turner, Dr. Thomas Muir, and Dr. 
W. G. Blackie. 

Mr. Archibald Robertson, Banker, Ballancleroch, Lennoxtown. 
Recommended by Sir William Thomson, Professor Ferguson, and 
Professor M*Kendrick. 

Mr. Thomas Stobo, 1 2 Sardinia Terrace. Recommended by Mr. 
James Goldie, Mr. James Sellars, I. A., and Mr. Robert Mitchell. 

Mr. Jacques van Raalte, 136 West Regent Street, Recom- 
mended by Dr. G. A. Turner, Dr. W. G. Blackie, and Mr. William 
Ewing. 

Mr. tlames A. Walker, 112 St. Vincent Street. Recommended 
by Mr. T. L. Watson, Mr. A. Lindsay Miller, and Mr. John 
Mann, C.A. 

4. Professor M*Kendrick, Secretary, reatl the Annual Report 
by the Council on the State of the Society, which was unanimously 
adopted, and ordered to be printed in the Proceedings. The 
Report was as follows : — 

Report on the State op the Society by the Council 

FOR Session 1883-4. 

I. Meetings, — The Society held 13 Meetings during the Session which 
was opened on 7th November, 1883, and closed on SOth April, 1884. 26 
papers were read, 17 of which appear in the Proreedings. 

II. Membership. — The number of Members on the Roll at the beginning 
of Session 1883-4 was 655 ; duriug the Session 51 new Members were elected, 
2 of whom, however, did not pay their entry -money, making 704 ; of these, 
25 have resigned, 12 have died, and 5 have been struck off the Roll for 
non-payment of annual subscriptions ; leaving on the Koll at the beginning 
of the present Session, 662 Members, being an increase of 7. Of the 49 new 
Members, 5 became Life Members ; 4 Ordinary Members also paid the 
composition for Life Membership during the Session. During the year we 
have lost 4 Honorary Members, namely, Jean Babtiste Dumas, Chemist, 
John Hutton Balfour, Botanist, Robert Angus Smith, Chemist, and Allen 
Thomson, Anatomist. As the place of Pxlward Sabine (who die<l during 
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Session 1882-3) has not been filled up, there are now 5 vacancies in the list 
of Honorary Members. There are at present 15 Honorary Members, of 
whom 5 are Continental, 4 are American or Colonial, and 6 are British. 
The number of Corresponding Membera is 10. The total number of Life 
Members is 63. 

III. Sections. — During the Session the Architectural Section held 8 
Meetings, at which 10 papers were read, but none of these appear in the 
Proceedings. The Chemical Section held 5 Meetings, at which 7 papers 
were read ; of these, 6 appear in the Proceedings. The Biological Section 
contributed the Address of its President, and a paper, both of which were 
delivered at ordinary Meetings of the Society, and Abstracts of which are 
printed in the Proceedings. The Sanitary and Social Economy Section had 
2 Meetings, and recommended 3 papers to be read at ordinary Meetings. 
This Section also had the Public Health Act of Scotland under discussion. 
The Geographical and Ethnological Section contributed the Opening 
Address of its President, and 2 papers, all of which are printed in the 
Proceedings. 

IV. Proceedings. — The volume of Proceedings of the Society for 1883-4, 
Vol. XV. , contains 24 Papers, 3 Plates, ajid a Map. The Volume for this 
year is remarkable for containing the Graham Lecture by the late Dr. 
Robert Angus Smith (the last work of his pen), in which there are many 
details regarding the life and researches of Dr. Thomas Graham, interesting 
not only to men of science throughout the world, but also to members of 
the Philosophical Society of his native city. It may be pointed out that 
the Proceedings are of great value to the Society, not merely as an annual 
addition to the library of each member, but also as being the means of 
securing, by excliauges, an annual addition to the Library of the Society of 
about a hundred Volumes, in the shape of the Proceedings and Transactions 
of the more important Scientific Societies in the World. 

V. Finance. — The Treasurer's Statement shows that during the past year 
the Floating Debt of the Society has been reduced from £500 to £300. 

VI. Petitions. — A Petition from the Society was presented to the House 
of Commons early in May in favour of " A Bill to secure to the Public 
Access to Mountains and Moorlands in Scotland." 

By order and on behalf of the Council. 

(Signed) JOHN G. M»KENDRICK, 

Secretary. 

5. The audited Statement of Accounts for Session 1883-84, by 
Mr. John Mann, Treasurer, having been printed in the circular 
calling the Meeting, was held as read, was approved of, and was 
ordered to be printed in the Proceedinga. The Treasurer also 
submitted an Inventory of the Furniture, <fec., of the Society, 
which was ordered to be printed in the Proceedings for future 
reference. 
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ACCOUNT— SESSION 188384. Cr. 

1884.— Oct. 31. 

By Balance due Treasurer at end of last session, . . £40 7 IH 

1884. -Nov. 1. 

„ Salai'y to Secretary, . . £75 

„ Allowance for Treasurer's Clerks, . 15 

,, Demonstrations at Lectures, 1 10 G 



„ New Books, Periodicals, and Foreign 

Periodicals, .... £94 18 6 

., Bookbinding, . . . 26 15 

,, Printing Circulars, Proceedings^ &c., . 172 8 6 

,, Lithographs for Proeeedinga, . 46 5 
„ Postage and delivery of Circulars, Letters, 

and Parcels, . 36 14 8 

,, Diplomas and Stationery, . 7 18 9 



£385 5 
Less, Contributions to cost of Illustrations 
in Vol. XIV. of Proceedings, . . 29 1 



„ Fire Insurance on Library for £6,400, 

„ Postages, &c.— per Treasurer, £2 16s. l^d. 

per Secretary, £4, 
,, Gilt Frame and Tin Box, 
„ Interest on Loans of £300 and £2G0, 



91 10 6 



355 19 6 



. £5 17 


1 




6 16 

1 6 

26 


14 
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38 18 Hi 
200 
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. £1 1 
1 1 






2 2 

3 8 
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„ Part Repayment of Floating Debt, 

„ Subscriptions to Socikties— 

Rav Society, 1884, 
Paheontographical Society, 1884, 

„ Chemical Section— 

Expenses per Treasurer of Section, 

„ AUCHITECrCRAL SkCTION— 

Expenses per Treasurer of Section, 4 118 

„ Joint Expenses of Rooms— 

Society's half of £363 lOs. 5d., being Interest on Bond, 
Insurance, Taxes, Cleaning, Lighting, and Heating; 
Salaries of Sub-Librarian and Assistant — less half of 
£70 15b. 6d. Revenue from Letting, . . 146 7 6} 

,, Clydesdale Bank, Limited, lodged, 400 



£1,283 5 111 



Glasgow, 10th November, 1884* — We, the Auditors appointed by the 
Society to examine the Treasurer's Accounts for the year 1883-84, have 
examined the same, of which the above is an Abstract, and have found them 
correct, the Balance due to the Treasurer at 3lBt October lost being 
Twenty -seven Pounds Eleven Shillings and Sixpence Halfpenny. 

(Signed) ROBERT GOODWIN. 

W. R M. CHURCH. C.A. 
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6. Mr. John Robertson, Librarian and Convener of the Library 
Committee, read the Annual Report on the Library, which was 
adopted, and ordered to be printed in the Proceedings, The 
the Report was as follows : — 

Report of tue Liurary Committee. 

The Committee have to report that the Library has not been so lai^ly 
made use of l)y the Members during the past year, as compared with the 
last. 879 volumes M'ero issued to COj Membei*s, being a decrease of 43 in 
the number of volumes, and 132 in the number of reading Members. 

Since last Report 233 volumes, 32 parts of works, and 18 pamphlets have 
l)een added to the Library. Of the periodicals received 22 are weekly, of 
which 18 are bought and 4 presented ; 3 are fortnightly, of which 2 are 
bought and 1 presented ; 36 are monthly, of which 26 are bought and 
10 presented ; 20 are quarterly, of wliich 14 are bought and 6 presented. 
These form altogether 12.") volumes, of which 08 are bought and 27 pre- 
(icnted. 

Kxchauges of Tranmctioiis and other publications are made with 122 
Societies and Public Departments. 

144 volumes aiul 4 parts were added to the Library by purchase. 89 
volumes, 28 parts, and 18 pamphlets were presented, and the thanks of the 
Society are due to the donors. Acknowledgment of the presentations made 
during Session 1883-4 will be found in volume 15 of the Procettdinga, where 
a vxnuplote list of the additions for that year, and of the names of the 
Svviotios and Public Departments with which publications are exchanged, 
hH!» Innni printed. 

h»0 volumes have been 1x)und. 

Tho nundH>r of volumes, exclusive of parts, at present in the Library is 

rho I onimittoe will be pleased to have the co-operation of Members in 
*«iijiv*tiu^ Ux>ks for addition to the Librar}'. A book to receive such 
iwxMumouvlativMi ahvavs lies on the table. 

^Signeil) JOHN ROBERTSON, Convener. 

7 V>u tho motion of Dr. Thomas Muir, seconded by Dr. 
Au\U\»N^ KvMv:«<» a voto of thanks was unanimously awarded to 
\\\\\ \.\W'\\\A\\. TivASurer. and Secretary for their services during 

>» \\\\^ Snvio<\ tht*!\ pr^vvtsW to the election of Office-Bearers. 

yl ^ U \x;m uKox^si l»y Or. Thonuis Muir, and seconded by 
\^\^ \\\\\\s\xs WhIUvW th*t Dr. Walter G. Blackie be elected 
\ tsv IS>v«\^)sM\t of th,^ S^\n^*ty ^>r the next three years. The 
^u^tv^^u^ w^* \NHu^\i ^Y avvlAu\atioiu» and Dr. Blackie accepted 



Minutes of Session. 365 

(2.) The Chairman moved the re-election of Mr. John Kobert- 
son as Librarian, Mr. John Mann as Treasurer, and Professor 
M'Kendrick as Secretary, and these were unanimously re- 
elected to their respective offices. 

(3.) It was moved by Mr. Hazelton R. Robson, and seconded by 
Mr. James Thomson, that Mr. A. Lindsay Miller, Mr. Robert 
Groodwin, C.E., Mr. J. McGregor Robertson, M.A.,M.B., and Mr. 
Alexander Whitelaw be elected to the four vacancies in the 
Council, caused by the retirement, in rotation, of Mr. James 
Paton, Dr. W. J. Fleming, Mr. H. R. Robson, and Mr. James 
Nicol. Mr. John Thomson was also proposed and seconded. 
The Society then balloted for four Members of Council — Mr. 
W. P. Buchan and Mr. F. T. Barrett being appointed Scrutineei-s. 
The Scrutineers reported that the voting was as follows: — Mr. 
Alexander Whitelaw, 46 ; Mr. A. Lindsay Miller, 43 ; Mr. 
Robert Goodwin, 43 ; and Dr. McGregor Robertson, 38. These 
gentlemen were therefore declared by the Chaiiman to have been 
duly elected Members of Council for three years. 

9. It was moved by Dr. Thomas Muir, and unanimously 
adopted: ** That, in Article (3) of the Constitution of the 
Geographical and Ethnological Section, the word * twelve ' be 
substituted for the word * nine.'"* 

10. In accordance with Article (5) of the Constitution of the 
Geographical and Ethnological Section, it was moved by Dr. 
W. G. Blackie, and unanimously agreed to: "That Michael 
Connal, Esq., and Thomas Muir, Esq., M.A., LL.D., be elected 
Vice-Presidents of the Geographical and Ethnological Section ; 
that Dr. G. A. Turner be elected Secretary and Treasurer : that 
Dr. James Christie, A.M., and Mr. William Ewing be re-elected, 
and Messrs. James Smith, Nathaniel Dunlop, Walter Duncan, 
and Jacques van Raalte, be elected Membcra of Council, — the 
last two being elected for two years and one year respectively." 

11. Professor Ferguson, M.A., read a **Notc on the First 
Edition of the Chemical Writings of Dcmocritus and Synesius," 
for which he was awarded a vote of thanks. 

12. Mr. James Thomson, F.G.S., exliibited specimens of silver 
ore, and gave an account of the localities in the United States 
where they had been found. Ho was awarded a vote of thanks. 
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13. Professor M'Kendrick exhibited a large model of the brain 
and spinal chord, showing recent advances in knowledge of the 
ininote structure of these organs. 

14. The Chairman announceil that the folloi^'ing gentlemen had 
been duly electeil MemWrs of the Society: — Mr. James Chalmers, 
Architect, 113 West Regent Street : Professor John Cleland, 
M.D., LL.D.. D.Sc.. F.R.S.. Professor of Anatomy in the 
Univei-sity of Glasgow ; Mr. Alexander T. Craig, Wine Merchant, 
137a St. Vincent street : Professor Francis Elgar, '' John Elder" 
Professor of Naval Architecture in the University of Glasgow ; 
Mr. Leonard Gow. Junior, 19 Waterloo street ; Mr. James Mont- 
gomerie, Manufacturing ChemLf>t, 1 8 Bishop Street, Port-Dundas ; 
Rev. Professor James Robertson, D.D., Professor of Oriental 
Languages in the University of Glasgow : Mr. W ShirefFs, 
Sculptor, 249 West George Street; Mr. J. R. Sutherland, 5 
Westercraigs, Dennistoun. 

(Signed) JAS. B. RUSSELL. 



% 



The Philosophical Society of Glasgow held its Second Ordinary 
Meeting on the evening of the ^h-d of December, 1884, at eight 
o'clock p.m., in the Rooms of the Society, 207 Bath Street — Dr. 
J. B. Russell. Vice-Pi-esident, in the Chair. 

1. Tlie Minutes of lust Mooting c>f the Society, having been 
printed in the notice calling tiie Meeting, were held as read, were 
approved, and wei'C signed by the Chairman. 

'2. Mr. James Chalmers, Professor John (/leland, ^Ir. Ale.xaudt-r 
T. Craig, Professor Francis Elgar, Mr. Leonard Gqw, Jun., Mr. 
James Montgomerie, Rev. Profess* »r James Robertson, Mr. J. R. 
Sutherland, and Mr. W. Shin-lFs, wei-e admitted to tlic Member- 
ship of the Society. 

3. The fc)llo\vin;jj wrre propor^ed fur the Memboi'ship of the 
Sofietv : 

y\r. Tlioinas Wriglit Dowar, 48 West Nile Street. Recom 
mended by Mr. Samuel M^Call, Mr. James Gray, and Dr. James 
Christie. 
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Mr. A. Dobbie, M.A., Assistant to the Professor of Civil 
Engineering, University of Glasgow. Kecomnionded by Professor 
James Thomson, Mr. Archibald Robertson, and Professor M*Ken- 
drick. 

Mr. William Morison, Mechanical Dmught«man, 16 Kelviii- 
haugh Street. Recommended by Mr. D. C. Hamilton, Mr. John 
Steven, and Mr. William Murdoch. 

Mr. John Spiers, 43 Great W^esteni Road. Recommended by 
Mr. W. P. Buchan, IMr. James Howatt, and Mr. A. Lindsay 
Miller. 

4. Professor Dittniar, F.R.S., read a paper on '*The general 
i-esults of the Chemical work done by him in connection with the 
Challenger Expedition," for which he was awarded a hearty vote 
of thanks. 

"». The Meeting heard with deep regret of the death of ]Mr. 
James Napier, a Member of the Society since 1849, once its 
President, and frequently a member of its Council; and, on the 
suggestion of Mr. John Mayer, it was unanimously agreed to 
request Dr. William Wallace. Mr. J. J. Coleman, and Mr. Mayer 
to prepare an obituary noiict* of Mr. Napier for the Pioceeditnjs 
of the Society. 

(Signed) J AS. B. RUSSKLL. 



nth December, IS.SJ,. 

The Philosophical Society of Glasgow held its Third Ordinary 
Meeting on the evening of the 17th of December, 18iSI, at eight 
o'clock p.m., in the Rooms of the Society, 207 Bath Stieet — Dr. 
J. B. Russell, Vice-President, in the Chair. 

1. The Minutes of last Meeting' of the Society, havin;? been 
pnnted in the notice calling the Meeting, were held as read, were 
approved, and were signed by the Cliairman. 

2. IMr. Stephen Alley, IVlr. John Anderson, Mr. David Ashton 
Bost, Rev. Alexander Brunton, Mr. James Campbell (of Tulli- 
chewan), Mr. Tliomas M. Campbell, Mr. Charles Gairdner, Mr. J 
Wyllie Guild, Mr. T. Fred. Haldane, Mr. William Lester, Mr. 
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(as then practised) most valuable Chemical products, including Iodine and 
Bromine, could be recovered. With great energy Mr. Stanford organized 
large manufacturing operations in the Western Islands of Scotland, for 
carrying the process into actual operation ; and although other sources 
of Iodine and Bromine being discovered in Peru and Chili interfered with 
the profits of the undertaking, nothing could dim the brilliancy of the 
researches which inaugurated it. Mr. Stanford was not, however, daunted, 
but returned to his old love, and has recently succeeded in extracting from 
Sea Weeds, by another process, large quantities of an elastic gummy 
substance which he calls Algin, which promises to be valuable in the arts, 
and to find profitable employment for the indigent population of the 
Western and other Islands where Sea Weeds accumulate in prodigious 
quantities. 

It is for this research that the Medal is awarded, but we cannot forget 
that it is merely the culnunation of the work of nearly a quarter of a 
centmy by a chemist whose great ability has been long acknowledged by 
his fellow chemists, and whose patience and persistency is worthy of the 
highest admiration. 

Yours faithfully, 

(Signed) J. J. COLEMAN. 

In accordance with this letter, the Chairman presented the 
Graham Medal to Mr. Stanford, who, in expressing his gratification 
at receiving it, referred to the friendship he had long enjoyed 
with Professor Graham, the memory of which enhanced the value 
of the medal to him. 

6. An Address by the President, Dr. Henry Muirhead, on 
" Feeling and Perception of Relation," was read in his absence 
from illness by Dr. McGregor Robertson. The thanks of the 
Meeting were given to Dr. Muirhead for his Address. 

7. Mr. William Key read a paper on "The Regulation of 
Water Supply," illustrated by diagrams and a working model of 
his improved pressure-reducing Valve for Water, for which he 
received the thanks of the Meeting. 

8. The reading of the paper by Mr. George S. Buchanan was 
deferred till the next Meeting on January 7th. 

9. The Chairman announced that the following gentlemen had 
been duly elected Members of the Society: — Sir Archibald C. 
Campbell, Bart., Mr. Thomas Wright Dewar, Mr. A. Dobie, M.A, 
Mr. Charles C. Lindsay, C.E., Mr. Rol>ert Monteith, Mr. William 
Morison, and Mr. John Spiers. 

(Signed) HENRY MUIRHEAD. 
Vol. XVI. 2 a 
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The Fliilo80|^iiaJ Sodetj of GUagow held its Fooith Ordintfj 
Meeting on the erening cf the 7ch of Janoarr, 1865, at eight 
o'clock pmLy in the Booms of the rfocietv, 207 Bath Street — Dr. 
Henry Moirhead, President, in the Chair. 

1. The Minnies of last Meeting of the Society, having been 
printed in the notice calling the Meeting, were held as read, were 
approved, and were signed bj the Chairman. 

2. Sir Archibald C. Campbell, Bare, of Bljthswood, Lieat- 
CoL, Mr. Thomas Wright Dewar, Mr. A. Dobbie, Mr. Charles C. 
Lindsay, C.K, Mr. Bobert Monteith, Mr. William Morison, and 
Mr. John Spiers were admitted to the Membership of the 
Society. 

3. Mr. Peter Alexander, MA., 16 Smith Street, Hillhead, was 
recommended for the Membership of the Society by Dr. Thomas 
Mair. Mr. J. J. Coleman, and Professor M'Kendrick. 

4. Mr. George S. Buchanan read a paper on a new Shadowless 
Ventilator, suitable for sunlights, for which he received the thanks 
of the Meeting. 

5. The Bev. J. E Carlyle, Oxford, read a paper on African 
Colonies and Colonization, for which he received the thanks of 
the Meeting. The paper was communicated from the Geographical 
and Ethnological Section. 

G. The President announced that the following gentlemen had 
been duly elected to the Membership of the Society : — Mr. James 
Frame, Bev. Dr. W. Bovd, and Mr. Bobert Claude Kerr. 

7. The Secretary stated that an extra Meeting of the Society 
wvniKl Iv held on Wednesday, the 14th of January, at eight p.m., 
whon, at the joint request of the Council and of the Clyde Steam- 
nliip i>\vuors* Association, Captain Barker of the United States 
Navy would explain and illustrate his method of signalling 
U»t>viH»u shijvs in fogs at sea. 

(Sigiie.1) IIEXBY MUIBHEAD. 
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Note from the Council. 

There are at present five vacancies in the list of Honorary 
Members, and, according to the Articles of Association, three of 
these may be filled up during the present Session. The Council 
unanimously recommend for the three vacancies the following: — 

1. Rev. John Kerr, LL.D., Glasgow, a distinguished dis- 
coverer of Electro-Optical Phenomena, 

2. Louis Pasteur, Paris, Chemist and Biologist. 

3. Asa Gray, Professor of Botany in Harvard University, 
U.S., a distinguished American Botanist. 



14th January, 1884, 

The Philosophical Society of Glasgow held an extra Meeting 
on the evening of the 14th of January, 1885, at eight o'clock p.m., 
in the Rooms of the Society, 207 Bath Street — Dr. Henry 
Muirhead, President, in the Chair. 

A paper was read by Captain Barker, of the United States 
Mercantile Marine, on his Method of Signalling between Ships in 
Fogs at Sea, at the request of the Council of the Society and 
of the Clyde Steamship Owners* Association. Captain Barker 
showed and experimented with one of his Machines, which he then 
presented to the Council of the Society, with the view of having 
it tested by any one specially interested in the matter. Sir 
William Thomson, Mr. J. J. Coleman, Mr. N. Dunlop, Mr. 
Butler (Barrow-in-Furness), Major "Walter, J. Barker (Liverpool), 
and others took part in the discussion. After Dr. M*Kendrick, 
on behalf of the Council, had accepted the generous gift on the 
understanding that it was the desire of the Council to place it 
at the disposal of any one for experimental purposes. Captain 
Barker was awarded a cordial vote of thanks, both for his able 
lecture and for his valuable gift. 

(Signed) HENRY MUIRHEAD. 
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**I>:Lrbuch der PLysik," by Paul Reis. Presented by Dr. 
TUouiiiB Iieid. 

** Physikalifiche Krystallsgraphie," by P. Groth. Presented by 
l>r. Thoriia« Iieid. 

" Thwirie der Eiajiticitat, Akustik, und Optik," by Hermann 
Khtiii. J're«ented by Dr. Thomas Reid. 

** I^jhrbucli dor Experimental Physik," by Adolph Wfillner. 
Kriur voIh. PrcHented by Dr. Thomas Reid. 
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5. Mr. Mayer, F.C.S., read an Obituary Notice of the late Mr. 
James Napier, prepared by him, Dr. Wallace, and Mr. J. J. 
Coleman. On the motion of the President, the authors of the 
Memoir were awarded a vote of thanks. 

6. Dr. James Christie, as President of the Sanitary and Social 
Economy Section, read an address on " National and Local Pre- 
cautions against Cholera," for which he was awarded a vote of 
thanks. 

7. Mr. Thomas Machell exhibited and described a new Musical 
Instrument invented by him, consisting of tuning forks struck 
and damped by a piano-like mechanism, and he showed the 
capabilities of the instrument by playing short pieces of music. 
Mr. Machell was awarded a vote of thanks. 

8. A paper by Mr. William Milne, M.A., B.Sc., on a new 
form of Rotiferon discovered by him, was held as received at this 
date, and, with the consent of the author, the reading of the 
paper was postponed till next Meeting. 

9. The President announced that the following distinguished 
scientific men, recommended by the Council for the Honorary 
Membership of the Society, had been duly elected : — Rev. John 
Kerr, LL.D., Physicist and Mathematician, Glasgow; Louis 
Pasteur, Chemist and Biologist, Paris; and Asa Gray, Botanist, 
Harvard University, United States. 

10. The President announced that Mr. Peter Alexander, MA., 
16 Smith Street, Hillhead,'and Mr. James Wood, MA., Fellow 
of Queen's College, Cambridge, Mathematical Master in the Glasgow 
Academy, had been elected to the Membership of the Society. 
Mr. Wood was recommended by Dr. Donald Morrison, Dr. 
Blackie, and Dr. M'Kendrick. 

(Signed) HENRY MUIRHEAD. 



LETTER FROM REV. JOHN KERR, LL.D. 

168 Hill Street, 
Glasgow, 23rrf January ^ 1885. 
Professor M*Kendrick. 

Dear Sir, — I am much obliged to you for your note, which I had the 
pleasure of receiving yesterday, infomiiiig me that the Philosophical 
Society of Glasgow has elected mo as au Honorary Member. I am very 



iX-i J u,^.«i j*L,jSLi >xTf-r5 :/ *j'l'^^: 



3ir "TSA ian itiniTixr -wiz^ih. iiist 2ikT< ^^coe 



JOHN KERB. 



LETTZa Fi»M IL PA-TETE. 



A M: jsim M-3 

<7« ioi&i ^ri« «>:(x>:^ S* re >!Ei:c^:=:iic* i* b;&=i« esiime ex ie voos pne 
d'tfcn Iizaerrr^u £<» obs wn'^Ti^ra dee rnsi^-ie aspics de tons les 

^£le su cccsirnh^acn je rcxs i:sS3jri't«. 

L. PASTEUR- 



4^ Fi&ntani. 1SS5. 

The Pc£o5ophicai Societr of Glasgow held its Sixth Ordinaiy 
Meeting on the evening of the 4th of Febniary, 1S85, at eight 
o'clock {xm.. in the Rooms of the Societr, 207 Bath Street — Dr. 
Henrr MoirheacL President, in the Chair. 

1. The Minutes of last Meeting of the Society, having been 
printed in the notice calling the Meeting, were held as read, were 
approved, and were signed by the Chairman. 

2. Mr. Peter Alexander, M.A., and Mr. James Wood, M.A, 
were admitted to the Membership of the Society. 

3. Mr. William Pearson, 5 Lynedoch Place, was recommended 
for the 3Iembership of the Society by Mr. James Grierson, Dr. 
Henry Muirhead, and Professor M'Kendrick. 

4. Mr. William Milne, M. A., B.Sc., read a description of a new 
Kotiferon, for which he received the thanks of the Meeting. 
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5. Mr. T. L. Patterson, Greenock, read a paper on Egyptian 
Obelisks, illustrated by photographs thrown on a screen by a Lime- 
light ; and Principal Jamieson gave an interesting description of 
the taking down and removal of the Needle of Cleopatra now in 
New York, of which operation he was an eye-witness. Mr. 
Patterson and Principal Jamieson were awarded a hearty vote of 
thanks. 

6. The President announced that Mr. John Davidson and Mr. 
Robert B. Main had been duly elected Members of the Society. 

(Signed) HENRY MUIRHEAD. 



0th February^ 1885. 

The Philosophical Society of Glasgow held an extra Meeting on 
the evening of the 9th of February, 1885, at eight o'clock p.m., 
in the Rooms of the Society, 207 Bath Street— Dr. W. G. Blackie, 
President o£ the Geographical and Ethnological Section, in the 
Chair. A paper was read by H. O. Forbes, Esq., F.RG.S., on his 
recent travels in the Dutch East Indies, including Timor Laut, etc., 
and he also gave an account of his intended expedition to New 
Guinea. Mr. Forbes was awarded a cordial vote of thanks. 

(Signed) W. G. BLACKIE. 



18th February, 1885. 

Tlie Philosophical Society of Glasgow held its Seventh Ordinary 
Meeting on the evening of the 1 8th of February, 1885, at eight 
o'clock p.m., in the Rooms of the Society, 207 Bath Street — Dr. 
Henry Muirhead, President, in the Chair. 

1. The Minutes of last Ordinary Meeting of the Society and of 
the Extra Meeting on 9th February, having been printed in the 
notice calling the Meeting, were held as read, were approved, and 
were signed by the Chairman. 

2. Mr. John Davidson and Mr. Robert B. Main were admitted 
to the Membership of the Society. 
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3. Mr. P. Alexander, M.A., read a paper on " A Theory of 
Storm Travel," for which he was awarded a vote of thanks. 

4. Mr. Frederick W. M. Moir, Manager of the African Lakes 
Company, read a paper on " The Eastern Route to Central Africa," 
for which he received a hearty vote of thanka 

5. The thanks of the Society were awarded for the following 
Donation to the Library : — 

ProceedlDgs and Memoirs of the Boston Society of Natural History, 
Boston, 1883 and 1884. 

(Signed) HENRY MUIRHEAD. 



4th March, 1885. 

The Philosophical Society of Glasgow held its Eighth Ordinary 
Meeting on the evening of the 4th of March, 1885, at eight 
o'clock p.nL, in the Rooms of the Society, 207 Bath Street — Dr. 
Henry Mnirhead, President, in the Chair. 

1. The Minutes of last Ordinary Meeting of the Society, having 
been printed in the notice calling the Meeting, were held as read, 
were approved, and were signed by the Chairman. 

2. Mr. John Ross, Merchant, 9 Westboume Gardens, was 
i-ecommended for the Membership of the Society by Dr. W. G. 
Blackie, Mr. William Ker, and Dr. M*Kendrick. 

3. Professor M*Kendrick, on behalf of Mr. J. J. Coleman and 
himself, read a paper on " An account of some recent experiments 
on the effects of very low Temperatures on the Putrefactive 
Process and on some >'ital Phenomena." The authors were 
awarded a vote of thanks. 

4. Mr. J. J. Coleman read a paper on " An Air or Gas Ther- 
mometer suitable for registering Temperature out of the range of 
Mercurial or Alcohol Theiinometers," for which he received a 
vote of thanks. 

5. Mr. J. T. Bottomlcy, M.A., described and exhibited various 
forms of constant-pressure Air Thcrmometei-s, for which he 
received a vote of thanks. 
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6. Professor M*Kendrick showed several methods of observing 
the effects of Ozone on the Putrefactive and other Processes. He 
was awarded a vote of thanks. 

7. A specimen of a Steam Whistle was presented to the Society 
by Messrs. John Gran & Co., Engineers, Leith, and the donors 
were awarded a vote of thanks. 

8. The President announced that Mr. William Pearson and the 
Rev. John Joseph Dyer had been duly elected Members of the 

'°°^- (Sig^d) HENEY MUIEHMM>. 



COMMUNICATION FROM PROFESSOR ASA GRAY. 

" San Antonio, Texas, February 16, 1885. 

** Deab Professor, 

'* Yours of January 22nd, announcing to me the 
honour of an election into the Philosopical Society of Glasgow, has just 
overtaken mo here on my flight to Mexico and Califomia. I now only send 
this card. On my return home in May I shall find the Diploma, and will 
send a proper acknowledgment to the Philosophical Society. Meantime I 
have the honour to be, 

** Very tiody yours, 

(Signed) " ASA GRAY. 

'' Professor John G. M'Kendrick, 
"University, Glasgow." 



rSth March, 1884, 

The Philosophical Society of Glasgow held its Ninth Ordinary 
Meeting on the evening of the 18th of March, 1885, at eight 
o^clock p.m., in the Rooms of the Society, 207 Bath Street — Dr. 
Henry Muirhead, President, in the Chair. 

1. The Minutes of last Ordinary Meeting of the Society, having 
been printed in the notice calling the Meeting, were held as read, 
were approved, and were signed by the Chairman. 

2. Mr. William Pearson and the Eev. John Joseph Dyer were 
admitted to the Membership of the Society. 
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MviirhfAfi^ Prwi/itiit- in liie Chair. 

L The MiLQUft of lA«t OrdiiiAnr 3Ieetir,g of ihc Societr on 
J>xth March azid of the Extra 3Ie<:nn2 on 25t]i March, having 
U^;rj f/niited in thf; notice calling the fleeting, were held as read, 
w<;r«; appro v/^l, and were feigned bv the Chairman. 

1^, Mr« John Ko«h wa« admitted to the Membership of the 
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3. The Rev. Professor Henry Di-ummond, F.G.S., F.R.S.E., 
read a paper entitled "Tropical Africa; with Notes on the 
People, Climate, Products, and Natural History," for which he 
received a cordial vote of thanks. The paper was a contribution 
from the Greographical and Ethnological Section. 

(Signed) HENRY MUIRHEAD. 



15th April, 1885. 

The Philosophical Society of" Glasgow held its Eleventh 
Ordinary Meeting on the evening of the 15th of April, 1885, at 
eight o'clock p.m., in the Rooms of the Society, 207 Bath Street 
— Dr. Henry Muirhead, President, in the Chaii*. 

1. The Minutes of last Ordinary Meeting of the Society, having 
been printed in the notice calling the Meeting, were held as read, 
were approved, and were signed by the Chairman. 

2. The Secretary intimated that the Council recommended the 
election, as a Corresponding Member, of George Anderson, Esq., 
Master of the Mint, Melbourne, lately M.P. for Glasgow. 

3. Mr. William Gorman read the following papers :—(l) "On 
the Heat-restoring Gas Furnace and Heating by Radiation;'' and 
(2) " On producing Cast Steel or Ingot Iron from Crude or Pig 
Iron." Mr. Gorman was awarded a vote of thanks. 

4. Professor M*Kendrick exhibited a diagram showing the 
range of various Musical Instruments. 

5. Mr. James Mitchell, Coatbridge, showed a new form of 
Metronome for use in Music. Mr. Mitchell also showed how the 
time of beats might be sub-divided into fractional parts. He was 
awarded a vote of thanks. 

(Signed) HENRY MUIRHEAD. 



29th April, 1885. 

The Philosophical Society of Glasgow held its Twelfth Ordinary 
Meeting on the evening of the 29th of April, 1885, at eight 
o'clock p. m., in the Rooms of the Society, 207 Bath Street — Dr. 
Henry Muirhead, President, in the Chair. 



3&0 PkHUmupkioBtl Soeieiif 0/ Glaagom. 

L Tlie Mmirtw of laA Otdiziarj Meeting of the Society, haTing 
beoL printtrf in die nocke aJTfng the Meeting were held s^ read, 
approved, and woe signed bj the Chairman. 



± Dr. John. Criaister read a paps' entitled "An oiqniiT into 
the nececKtr £ar T^gwlatire Reform in Scodand, in regard to 
CO Uncertified IXeadia^*^ for which he rec^red a Tote <^ thanksi 



3u Dr. JhfSL. Doncan tmd a p^)er entitled "On Manure 
Pa£3oaxn^ wish saggesoaoa fior the Pte^ention of the PoUntion of 
Weils in Agncoknral Dbcqcq^'' for which he reoeiTed a TOte of 



4. The reports finim the Tirioos Sections were held as read. 

5. The P^reaident azmoonced that Mr. George Anderson had 
beiai dnlj elected a CoResponding Member of the Society.* 

* W2I be sgned bj f*»^^i""«» of fint Meeting of Seasioo 18S5-6. 
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DONATIONS. Prbsbkted bt 
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Pirie, John, M.D., 26 Elmbank 

crescent. 1877 

•Pirrie, Robert, 9 Buckingham ter. 1875 
Pollock, Arthur, Dillichip Works, 
Alexandria. 1879 

490*Pollock,R.,M.B.,C.M.,F.F.P.&S.G., 

Laurieston house, Shields road. 1883 
Poynter, John E., 72 Great Clyde 

street. 1866 

Price, Rees, L.D.S.Eng., 147 Bath 

street. 1883 

•Provan, James, 40 West Nile st. 1868 

Raalte, Jacques Van, 136 West 
Regent street. 1884 

495 Ramsay, John, of Kildalton, M.P., 

5 Dixon street. 1856 

Ramsay, Robert, M.D., L.R.C.S.E., 
Lochwionocb. 188 1 

Rankine, David, C.E., 75 West Nile 
street. 1875 

Rankine, Captain John, 31 Airlie 
terrace, Pollokshields. 1869 

Rattray, Rev. Alex., M.A., Park- 
head parish, 4 Westercraigs, Den- 
nistoun. 1879 



Klkfe'w^'^'^*'^''^^^''^877 SooRei^^ Andrew, 20 North Albion 
siae place, w. i|77 ^^^^^^ ^ ^g^^ 



Nicol, James, City Chambers, 187 

Nicholson, Alex., Jun., 6 Anniield 

place, Dennistoun. 1883 

470 Niven, Thos. 0., C.E., 131 West 

Regent street. 1884 

Nowery, William, 37 Derby street. 1876 

Ogilvie, William, i Doune terrace. 1881 
Osborne, Alex., 5 Oakley terrace, 

Dennistoun. 1870 

Outram, D. E., 16 Grosvenor ter., 

Hillhead. 1878 

475 Paris, Wm., Glasgow Iron Works, 

St. Rollox. 1859 

Paris, William, Jun., Glasgow Iron 

Works. 1859 

Park, James, Millbui:n Chemical 

Works. 1877 

•Pamie, James, 32 Lynedoch street. 1874 
Paterson, Jas. A., 27 Apsley place. 1882 
48o*Pater80D, Robert, C.A., 28 Renfield 

street. 1 881 

Paterson, Robert Baird, 180 Tron- 

gate. 1883 

Paton, Jas., F.L.S., Corporation Gal- 
leries, and Kelvingrove Museum. 1876 



Reid, Hugh, 10 Woodside terrace. 1880 
Reid, James, 10 Woodside terrace. 1870 
Reid, J. G., 128 St. Vincent street. 1874 
Reid, Thos., M.D., 11 Elmbank 

street. 1869 

505 Reid, William, M.A., High School. 1881 
*Reid, William L., M.D., 7 Royal 

crescent, west. 1882 

Rcith, Rev. George, M.A., Free 

College Church, 38 Lynedoch st. 1876 
Remmers, B. H., 189 St. Vincent st. 1880 
•Renfrew, Robert, M.D., 42 Lans- 

downe crescent. 1877 

510 Renison, Wm., 3 Woodside place. 1856 
Renton, James Crawford, M.D., 

L.R.C.P.&S.Ed., 2 Buckingham 

terrace. 1875 

Ritchie, R. Brown, 79 West Regent 

street. 1883 

Ritchie, Wm., Jun., Waltry, 

Milton of Campsie. 1870 

Robertson, Archibald, 25 Queen 

street. 1863 

515 Robertson, Archibald, 12 Hope 

street. 1867 

Robertson, Archibald, Ballan- 

cleroch, Lennoztown. 1884 
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Stewmri, David, 3 Clifton place. 
590 Stewart, Henry, City Saw Mills. 
Stewart, James Reid, 30 Oswald 

street. 
Stewart, John, Western Saw Mills, 
Steoart, Walter, 12 Pollok road, 

Pollokshaws. 
Stewart, William, 175 St. Vincent 

street. 
595 Stuart, J. Watson, 88 St. Vincent 

street. 
Stirton, James, M.D., F.L.S., 5 

Newton terrace. 
Stobo, Thomas, 12 Sardinia terrace, 

HUlhead. 
Stoddart, James Edward, Clyde 

Lead Works, ComwaU street. 
Storer, David, Colour Works, Syd- 
ney street. 
600 Storer, James, 48 French street, 

Bridgeton. 
Strain, John, C.E., 154 West George 

street. 
Sturrock, David, LA., 103 West 

Regent street. 
*Sutiierland, David, ii Clarindater., 

PoUokshields. 
^Sutherland, John, 11 Clarinda ter., 

PoUokshields, 
605 Sutherland, J. R., 5 Westercraigs, 

Dennistoun. 
Swanston, John, 7 Berlin place, 

PoUokshields. 

Tatlock, John, F.I.C., icx> Sanchie- 

hall street. 
Tatlock, Robt. R., F.R.S.E., 

F.I.C., F.C.S., 138 Bath street. 
Taylor, Benjamin, 10 Derby cres., 

Kelvinside. 
610 Teacher, Adam, 14 St. Enoch 

square. 
Templeton, James, 2 Claremont 

terrace. 
Tennant, Charles, M.P., St. RoUox 

Chemical Works. 
Tennant, Gavin P., MD., 159 Bath 

street. 
Terrace, David, Dawsholm Gas- 
works, MaryhiU. 
615 Thomson, David, LA., F.R.LB.A., 

116 St. Vincent street. 
Thomson, George C, 39 Kersland 

terrace. 
Thomson, Graham Hardie, 10 Doune 

terrace. North Woodside. 
Thomson, James, F.G.S., 3 Abbots- 
ford place. 
Thomson, James, Allan & Mann's, 

48 St. Enoch square. 
620 Thomson, James, LA., F.R.LB.A., 

179 West George street. 



856 
876 

845 
877 

883 
869 
881 
876 
884 
872 
869 

875 
876 

881 

880 

880 

884 

872 

875 
868 

872 

868 

876 

868 

875 
883 
869 

883 
869 
863 
870 
870 



Thomson, Jas., LL.D., F.R.S.,C.E., 
Professor of Engineering in the 
University of Glasgow, 2 Floren- 
tine Gardens, HiUhead. 1874 

Thomson, James R., Clydebank, 
Dumbartonshire. 1863 

Thomson, John, Alliance Foundry. 1876 

Thomson, Jonathan, 136 W. George 
street. 1869 

625 Thomson, Sir William, LL.D., 
D.C.L., F.R.S., L. & E., Pro- 
« fessor of Natural Philosophy, 
University of Glasgow, Hon. Vice- 
President. 1846 

Thomson, Wm., ThornUebank. 1883 

Townsend, Joseph, 13 Crawford St., 

Port-Dundas. 1856 

*TuUis, James Thomson, Anchorage, 
Bumside, Rutherelen. 1883 

Tambull, John, yj West George st. 1843 
630 TumbuU, John, Jun., 255 Bath st. 1883 

Turner, Georse A., M.D., i CUfton 
place, Sauchiehall street. 1883 

Turner, WiUiam, 33 Renfield st. 1875 

Ure, John, Crown Mills, 68 Wash- 
ington street. 1856 

Urie, John, 83 Jamaica street. 1876 

635 Urquhart, David Inglis, 47 West- 
bourne gardens. 1883 

Verel, Wm. A., The Linn, Cathcart. 1883 

Waddell, Matthew, 60 Union st. 1880 
Walker, Adam, 35 Elmbank cres. 1880 
Walker, George, 138 West George 
street. 188 1 

640 Walker, James A., 112 St. Vincent 

street. 1884 

Walker, Malcolm M*N., F.R.A.S., 

4^ Clyde place. 1853 

Wallace, Abraham, M.D., 4 New- 
ton place. 1877 
•Wallace, Hugh, Mansefield, KU- 

malcolm. 1879 

Wallace, Wm., Ph.D., F.R.S.E., 
F.LC, F.C.S., 138 Bath street, 
Hon, Vice-President. 1851 

645 Wardlaw, Johnston, 83 Taylor st. 1884 
Watson, Archibald, 29 Elmbank 

crescent. 1 88 1 

Watson, Eben., A.M., M.D., i 

Woodside terrace. 1873 

Watson, James, Cluniter, Lmellan. 1873 
Watson, Joseph, 225 West George 
street. 1882 

650*Watson, Thomas Lennox, LA., 108 

W. Regent street. 1876 

* Watson, William Renny, 16 Wood- 
lands terrace. 1870 
Watt, Charles, 13 Dimdas street. 1883 
Wells, Andw., 8 Newton terrace. 1887 
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Welsii. ThcM. >L. 51 Sc Vmcoit 



655 WenLey. Jama A.. Bank oc :?tiot- 
lami. Edixihnzzh. 

RiioeR. CO 3££cheII 



Waice, Atiam SaabzQoke. PoOok- 

Wldfie. Joan. ScuGffioazL uui ^Irc- 

suIIb. Pamck. 
Whiseiaw. Alax., S7 SvcineT sc 
66o*WkiZMm Jm.. iL D., F. F. P'.A S.O.- 
13 Somenec cla«:«. 
Wkytlaw. R. A.. Jm.. I Wnuiaor 
mabimiu. Kelvmaiiie. 
"uliaaiaQiu Joaa. lio Sc Vmeoit 



qiL 
Wihi 



WHfloo. Alex.. HviLeouk Foamirv. 

54 Fbmica&Mi jcreec 
Wilaon. Alex. ^.. iI.A.. RS:.. Pw- 

fieoMT of BotaiiT. Aiuienoa'i 

665 WiIaoB, ChariiH. 4. Craigpftrk. Den- 



WQaoo. E^nijcL 124. Bccaweil st. 
WOhiu DaTid. Carbcch. hj Kil- 



Wila on. James, [44. Wen Reg^iL? A. 
WQaon. John. 1 1 W>»ijxiie place. 
670 WHno, P«ter M'Oregory 65 Weac 

R ^ent street. 
Wximu William. Vlrzinia bixzld- 



Wilaoo, W. H.. 4.5 Hop« itreec 
Wisgate* Arthnr.'o Kelrin dzire. 



S83 
375 



5:7 

SS2 



* WIzigste« Jakn Bw, 7 Crown terraee^ 

DowanhzIL 1881 

'375 Wmgafie. P.. L4. Wcatboazse ter. 1872 
Wingate, Walter E, 4 Bowmont 

temtx. 1S80 

Wood. Jamfik M.A., Glaigoir 

Academy. 1SS5 

W'.HxL J. Muir. 42 Bnrhanaw it. 1S50 
Wijod, Wm. Copland. Turkey-red 

Works, ALexazuiria. 1SS3 

odQ Woodbum. J. Cowan, 31. D.. 197 

Batkioeit. ' 1S69 

W.^odlmra, W. S., L.D.S., Lectorer 

on Mechanical Dentixtry. Ander- 

aon's CoIIeg!e, 17 Caciton place. 18S1 
Wjper. James* S3 Qaeen \largaret 

^-reaoent. Hamilton <iriTe. 1S78 

Vellowiees, D.. M.D., Medical 

Superintendent, GartnaTeL iSSi 

Yonizr George Christie. City Saw 

3IilLs. Port-Dondaj. 1884 

655 Young, Jame% Kelly. Wcinyai Bay. 18S0 
Yoiuu, John. 234 PariiamcBtazy 

road. 18S1 

Yoangr John D.. Manager, Scottzah 

BoiLer Insozance Company, 141 

Bgi'hanan street. 1883 

Yoong. Robot, 25 St. Tmeoit 

crescent. 1875 

*Yonnz, Thos. Graham. Kelly, 

Wm3ni Bay. 1880 

690 Younger. George, 166 Ingram at. 1847 

ZJTikrtBfii, Victor, 50 Cochzaae it. 1S81 



THE PHILOSOPHICAL SOCIETY OF GLASGOW. 



INVENTORY of all the Property (except the Library) possessed 
by the Society — made by the Treasurer in compliance with 
Article XI. of the Articles of Association, and presented to 
the Annual Meeting on 19th November, 1884. 



I.— ITEMS, THE EXCLUSIVE PROPERTY OF THE SOCIETY. 



OrrsiDE. 

Brass name-plate on west half of swing 
door. 

LiBRABY. 

All the the book presses, except the parts | 
stated under Section II. as "Joint" 
property, and under Section III. as 
•* Engineer's " property. 

Two osuL tables, covered with waxcloth. 

Twelve ** Clydesdale " chairs. 

Two four-light gasaliers. 

Four double-jointed gas brackets. 

Desk. 

Desk appliances. 

Copying-press and appliances. 

Thermometer. 

Two framed certificates, glazed. 

Umbrella stand. 

Tin letter cage. 

Die (for paper and envelopes.) 

Sub- Librarian's cash box. 

Book stamp. 

Tin box, Librarian. 

Two waste-paper baskets. 

Window hook rod. 

Three ink bottles. 

Heading Roo3I. 

All the book presses. 

Marble bust of Dr. Thomas Thomson, 

and stand. 
Portrait of Dr. Thomas Thomson (by 

Graham-Gilbert), in gilt frame. 
Portrait of Thomas Graham, Master of 

the Mint (by Graham-Gilbert), in gilt 

frame. 
Terrestiial and celestial globes and stands. 
Two society diplomas of 1802, framed and 

glazed. 
CcMkl scuttle. 



Council Room. 

Engraved portrait of Dr. Thomas Thom- 
son, framed and glazed. 
Engraved portrait of Thomas Graham, 

framed and elazed. 
Portrait of Professor Allen Thomson, 

framed and glazed. 
Lithographed i)ortrait of James Young, 

LL.D., framed and glazed. 
Lithographed portrait of Sir William 

Thomson, framed and glazed. 
Lithographed portrait of Dr. Andrew 

Fergus, framed and glazed. 
Photograph of GeDeral Committee of 

British Association, 1876, in ^^ilt frame. 

Presented by Dr. Henry Mmrhead. 
Model (in bronze) of Cleopatra's Needle, 

in glass case. Presented by Dr. Henry 

Muirhead. 

Large Hall. 

President's Chair, mode of oak from the 

roof of the Cathedral. 
Table, small mahogany. 
Ballot box. 

Upper Council Room. 

Eight-door book press, used for library of 

Architectural Section. 
Four-door press, used for library of 

Natural History Society. 
Grate, fender, ashpan, and fire-irons. 
Step ladder. 

Upper Hall. 

Heading desk. 

Twenty-one cushioned benches, with back 

rails. 
Maho^^y armchair, and two oommon 

chairs. 
One large stand for diagrams. 
Pointer. 



4l>f 



-^VuiAMDJMLSaT :>USt£Tt ut" GtaSOUiL. 



5T .QCixT=si Umb: 




To. box. camaniTTif QiQ zninme books. 
Tirr xn. hoxe&. £ And C wixli Gas 






EC 

m 



iazm^ 



^eadiicr 'S&imiE 



Tlm~ 



iT 






f- xzs box «i Dr. M'Kendiick'ft. 
V tm boxcK. four, Kt Mr. MabbV 
Til boK A. wvsL. Gas lilxiiifasxaoxi papen, 
as Mr. MamiE. 

piuae^ ioc dnucma. at J. IjoiBadLeii, 

* aaal ic ldd2, ax J. Lnmaden, 

cc Gw Exiiilasian. ]$9D, at Mr. 
'&. 
>ec cc *j«ai' £xxdbiiaiBi 
a: Mr. MaBsa. 



IL— ITEM-. IH£ Fji??i33T OT IH£ S-X-IETV JocyriT with the 





dLmew k^. 

p(Lbi::c^i«d za ibe Sccietr's Fr^ 

5S0-1. 

MOV£ABL£ FEOPKRTY. 
A» foQovf. riz.: — 

Two ftr«€t Umpa, on pillan, with clear 

glut gwbes. 
Luge \MKt-\jtjx. 
One Iii«iia-rabber mat . 

Vestibcul. 

Two 2'ligfat ga;} peii«iaDtii». 

Luiolciim. 

Four l^nub luattf. 

LlBIL&hV. 

Part of )K»k preiiMs, v-iz. :— (1) indents 
orer both fireplaces; (2) shallow press 
at readiog-rcjom do<jr; and (3) additions 
to brioK cases to end of wjdl. (These 
baring oeen made partly from old and 
partly from new material are treated as 
•* Joint ' (Jlose press, under sonth 
Window, of new material 



kfeaai 



Mas as 

T^ree i^ici^-roljer strified binida. 

RsaDc« Boom. 

Two liiT^ oak tables. 

Two ssJiloak tables. 

Odk. chairs, seren arm and derca 

Mantelpiece mirrvr. 

FocLT-Ught gasatier. 

Foar gas brackets. 

Barometer. 



Inkstand. 

Window-hook rod. 

Wire- work covering of windows to 

Ten spring-roller striped bUods. 

£>'TRE&iOL. 

Hook sheh-ing. 

Gas bracket. 

Two towel rollers, and six iowela. 



CocxciL KOOM 
Two oak tables. 
Oak chairs in ploah, 19 

arm. 
Mantelpiece mirror. 
Timepiece. 



common and 



Inventory of all the Property possessed by the Society, 
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Council Room— Con^«ntt€</. 
Thermometer. 

Four-light gasalier, with globes. 
Four wall sas brackets, with globes. 
Grate, fender, ashpan, and fire-irons. 
Coal scuttle. 
Umbrella stand. 
Carpet. 
Hearth-rug. 
Writing desk. 
Carafe and tumblers. 
Double inkstand. 
Window hook rod. 
Basket protector for armchair. 
Twenty hat and coat hooks. 
Ten spring-roller striped blinds. 

Lar(;e Hall. 

Two oak arm chairs, in leather. 

Writing desk. 

Reading desk. 

Timepiece. 

Three Thermometers. 

Two rolling screens for diagrams. 

Ground-glass black-board. 

Two sun-lights. 

Rod for lighting sun-light. 

Two table gas stands, with flexible tubing. 

Linoleum in stairs and passages. 

Green baize table covering. 

Two pointers. 

Two foot-stools. 

Carafe and tumbler. 

Pad for cleaning black-board. 

Window -hook rod. 

Four spring-roller striped blinds. 

Upper Council Room. 

Four-light gasalier. 

Two wall gas brackets. 

Linoleum. 

Thermometer. 

Long step ladder. 

Window-hook rod. 

Three spring-roller striped blinds. 

Upper Hall. 

Long deal table. 

Writing desk. 

Eight-liglit gasalier. 

Two thennometers. 

Two tabic gas stands, with flexible tubing. 

Foot-stool. 

Green baize table covering. 

Ground-glass black-board. 



Uppeb Hall— Co7Umu€(/. 
Carafe and tumbler. 
Pad for cleaning black-board. 
Window-hook rod. 
Five spring-roller striped blinds. 

Basement Committee Room. 

Small American (folding) table. 

Twelve American veneer chairs. 

Two sas wall brackets. 

Model seat, in brown leather. 

Matting on floor. 

Inkstand. 

Carafe and tumbler. 

Brush mat. 

Window-hook rod. 

Furnace Room and Lavatory. 

Three zinc pails. 
Brushes and cleaning appliances. 
Towel-roller. 

Hot water furnace and tools, and heating 
arrangements throughout the building. 

Lumber Room. 

•Shelving in room and in two safes. 
Threc-lieht gasalier. 
Two waU gas brackets. 
Wire-work covering^of well roof -light. 

Lobby. 
Matting strips. 
Iron stanchions of basement flat windows. 

Staircase. 

Direction board, glazed. 

Fire extincteur and stool. 

Thirteen wall gas brackets in staircase 

passages, lavatories, entresol, &c., seven 

with globes and six without. 
Large umbrella stand at large hall landinc. 
Large umbrella stand at upper hall 

landing. 
Brush mat at 2ud landing. 
Brush mat at 8rd landing. 

Janitor's Kitchen and Room. 

Close kitchen range and ashpan. 
One double- jointed gas bracket. 
Two wall gas brackets (kitchen.) 
Two clothes pulley poles. 
Three-light gasalier, with globes. 
Gas wall bracket, with globe (room). 
Window-hook i-od. 
Four spring-roller striped blinds. 
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Pkilosopkical tiociety of Glasgow. 



*«,* To make the present Inventory exhaustive of the ContetUs of the Building, as far as 

l)Ossible, the followi/ifj are also given: — 

III.— ITEMS WHICH ARB THE EXCLUSIVE PROPERTY of the ♦'INSTITUTION 

OF ENGINEERS.' 



Outside. 

Brass name-plate on east half of swing 
door. 

LiBKAKY. 

Part of book presses, viz.: — (1) press on 
west wall, extending from librarian's 
desk 12,feet towards entrance door ; (2) 
press on east wall, extending from front 
window to first fireplace, a\xmt 13 feet. 

Centre oak table. 

Two grates, with fenders, ashpans, and 
fire-irons. 

Stamping pads. 

Reading Room. 

Marble bust of Professor Rankine, on 

stand. 
Grate, fender, ashpan, and fire-irons. 

CouxciL ROO-M. 

Fom* large photographs and three smaller, 
in gilt frames. 



Large Hall. 

Two Windsor chairs. 
Pewter inkstand. 
Hassock. 
Long pointer. 

Upper Council Room. 

Thirteen Windsor chairs, and one arm- 
chair. 
Black-board. 
Double inkstand. 



Basement Committee Room. 

Three tables. 

Four-light gasalier. 

Eight photographs, in frames. 

Upper Hall. 

One stand for diagrams. 

Thi*ee Windsor chairs. 

Six desk -boards for attachment to forms. 



IV. -ITEMS WHICH ARE THE PROPERTY OF OTHER SOCIETIES OR 

INDIVIDUALS. 



Upper Council Room. 

Eight-door bookcase. Geological Society. 
Three-door bookcase. Natural History 

Society. 
Mahogany centre tabic, covered with 

American cloth, Geological Society. 

Basement Committee Room. 

Six-door mahogany bookcase, with drawers 
beneath. Archaeological Society or Mr. 
Kirsop. 

Two-door mahogany Bookcase, Geological 
Society. 



Lumber Room. 

A larffe number of frames for photographs, 
and parcel photographs taken oat of 
these, Architectural Section. 

Nine show-cases, with specimens, G^eo- 
logical Society. 

Four (turned-leg) stands for specimens. 
Geological Society. 

Four basement cases for specimens. 
Geological Society. 

Case of drawers, with specimens. Geo- 
logical Society. 



INDEX. 



Aahmes, 272. 

Abd-el-Kader, 142. 

Aberdeen Police Act, 248. 

Aberdeen, uncertified deaths in, 308, 309, 

314. 
Aba Klea, 95. 
Abyssinia, 168. 
Adal-Umberto, ICO. 
Adamawa, 163, 167. 
Aden, 168. 

Africa, British colonics iu, 113. 
Africa, early colonization in, 101, 102. 
Africa, Dr. Christie on etiology of cholera 

in, 206. 
Africa, West, colonization in, 103. 
African colonies, J. E. Carlyle on, 94. 
African International Association, 112; 

territoi-y of, in Congo, 159. 
African Lakes Co., 110. 
African Lakes, reference to, 95. 
African trade, entire, with the world, 

139. 
Agathocles, 97. 

A|^e, influence of, on skull, 341. 
Air, liquefaction of, 232. 
Air, thermometer of, J. J. Coleman, 220. 
Akassa, 162. 

Albertia Vennicularis, 190. 
Alcoholic liquors in district of Niger, 

167. 
Aldebaran, 25, 33. 
Aldebaran, movements of, 25. 
Alert, Arctic voyage of the, 231. 
Alexander, P., 370, 374, 376. 
Alexander, P., on a theory of storm 

travel, 174. 
Algeria, history of French possession of, 

143. 
Alfferia, population of, 144. 
Al&n, Lieut., travels of, 165. 
Alkalinity of sea- water, 53. 
Alpha Centauri, proper motion of, 29. 
Alpha cygni, motion of, 35. 
Alston, I^ilie, on printing for blind, 175. 
Amazirg Arabs, 95. 
Ambacca, 108. 
Ambriz, 109. 
Amen, 267. 
Amon, 272. 
Amen of Thebes, 273. 



Amen-Ra, 267. 

American and Colonial Honorary Mem- 
bers, list of, 393. 

American missionaries iu Portuguese 
Settlements in Africa, 109. 

Ammon, 273. 

Andrews, Dr., on critical point of tem- 
perature, 233. 

Anderson, G., recommendation of, by 
council, 379; election of, as corres- 
ponding member, 280. 

Anderson, Robert, reference to, 73. 

Andrews, on oxidation of iron, 239. 

Angola, 108. 

Angra Pequena, 117, 127, 128, 130, 131. 

Annual Report, 360. 

Antonelli, Coimt, 169. 

Apepi, 271. 

Apophis, 271. 

Aral>s, 95. 

Aral) colonies in Africa, 104. 

Arabs in Africa, 100. 

Ai'abs in Algeria, 145. 

Architectural Section, address to, 245. 

Architectural Section, council of, 383; 
office-bearers of, 354 ; report of, 353. 

Arcturus, proper motion o^ 25, 29. 

Argelander on proper motions of stars, 30. 

Amauld, P., 45, 288. 

Ascension, 113. 

Asenath, 270. 

Ashpits, danger to health from, 215. 

Assab, 168. 

Assuan, 268. 

Assurbanipal, 275. 

Assyria, 2/3. 

Astronomer-royal, 385. 

Athens, observations of position of Alde- 
baran in 509 A.D., 25. 

Atum, 267, 269. 

Auditors, appointment of, 358. 

Augustus, Emperor, 276. 

Australians, skulls of, 350. 

Austria, interests of, in Upper Nile, 170. 

Azores, 108. 

Bab-el-Mandeb, 104, 167. 
BacciUi, 218. 

Baccilli, effect of cold on, 224. 
Badagry, 165. 
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Baghirmi, 163. 

Baffomoyo, 106. 

Baikie, Dr., travels of, 165. 

Bailul, 168. 

Bailunda, 109. 

Baker, R., 386. 

Bamako, 142, 164. 

Bang\i'eolo, 153. 

Banyans, 111. 

Banyans, cholera amongst the, 207, 208. 

Barbour, Thomas, reference to, 73. 

Barclay, D., architect, 353. 

Barea, 98. 

Barton, Capt., 370, 371. 

Barracoons, 102. 

Barr, Dr. J., 385. 

Barrett, F. T., 365. 

Barth, Dr., traveh of, 165. 

Bartoli and Paposogli on galvanic cells, 
239. 

Bastard, 129. 

Bateman, report of, on leakage of Glas- 
gow water, 82. 

Bechuanas, 111. 

Beckman, reference to, 37, 38, 39. 

Belgians, King of, 170. 

Bell, J. Lowthian, 293. 

BeU, King, 133. 

Belvidere Fever Hospital, 332. 

Belvidere Hospital, enteric fever in, 
209. 

Benghazi, 98. 

Ben^ela, 108. 

Bonm, 113. 

BeDslee, 328, 330. 

Benui, 162, 165. 

Berber, 95. 

Berber, race of the, 104. 

Berkeley, reference to, 17. 

Berlin Conference, 152; General Act of, 
154, 161. 

Bemice, 98. 

Bessel, astronomer, reference to, 28 ; on 
stars in 1822, 33 ; position of stars, 30 ; 
reference to, 33. 

Bessemer on blown metal, 302. 

Bessemer process, 289. 

Bethel, Mr., 121. 

Bianchi, Sieuor, 109. 

Bida, population of, 164. 

Burgash Ben Said, 104. 

Bight of Benin, 162. 

Bight of Biafra, 132, 149. 

BiW, 109. 

Biamako, 137. 

Bimbia, 133. 

Birmingham, 241. 

Biological section, council of, 384. 

Birch, Dr., 274. 

Birckmaun, reference to, 42. 

Bishareen, 95. 

Bismarck, Prince, 129. 



Blackie, Dr. W. G., election as V.P., 
364, 375. 

Blind, perception of relation by, 11. 

Boer Rule in South Africa, 117, 118, 119. 

Boers, characteristics of, 119, 120. 

Boguslawski, on Oceanographie, 48. 

Bonga, 110. 

Bonny, 162. 

Books, list of, bought in 1884-5, 387. 

Bornu, 163, 164. 

Boston Society of Natural History, 376. 

Bottomley, J. T., on constant pressure 
air thermometers, 376. 

Bourbon, 201. 

Boussa, 161, 162. 

Boussa Falls, 165. 

Boyd, Rev. Dr., 372. 

Brachycephali angustoiies, 351. 

Brachycephalic skulls, 350. 

Bradley, astronomer, discoveries of aber- 
ration and nutation by, 27 ; observa- 
tions on positions of stars, 27 ; title of 
his work on astronomy, 28. 

Brahmia, 114. 

Bramwell, SirF., 241. 

Breadalbane, Marquis of, 181. 

Bremen, North African Mission, 132. 

British colonies in Africa, population of, 
113 ; trade of, 113, 114. 

British honorary members, list of, 393. 

British power in South Africa, 116. 

British protectorate in South Africa, 123. 

British South Africa, population and 
trade of, 115. 

Bromine in sea-water, 55. 

Brown, Crum, and Graham Medal, 368. 

Brunet, reference to, 38. 

Bruno, Giordano, reference to, 23. 

Brunton, Rev. A., 339. 

Brussels Observatory, 385. 

Buchanan, J. T., analysis of gases in sea- 
water, 58; on CO, in sea- water, 63; 
on combination of CO., with MgS04 
in sea-water, 65; on salinities of sea- 
water, 56. 

Buchanan, G. S., on a shadowless gas 
ventilator, 89. 

Buchanan, Moses T., reference to, 73. 

Bechuana question, history of, 121. 

Buchan, A, on low temperature, 231. 

Buchan, \V. P., 353, 365. 

Buchan's Meteorology, 199. 

Bula Matadi, 94. 

Bulwer, Sir Henry, 126. 

Bunda, 108. 

Bunsen, 242. 

Burgh Police and Health (Scotland) BilL 
248. 



Cagniard de la Tour on liquids and 

232. 
Cailletet, 242. 
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Cailletet on liquefaction of oxygen and 

hydrogen, 233. 
Cameron, 108. 
Cameron, Dr., M.P., 324. 
Cameroons, 132 ; Germans in the, 134, 

135. 
Campbell, J., of TuUichewan, 359. 
Campbell, J. M., 385. 
CampbeU, Sir A. C, 370. 
Campus Mortius, 276. 
Canary Islands, 148. 
Cape Bianco, 113. 
Cape Colony, 102. 
Cape-de-Verde Islands, 108. 
Capello, 108. 
Cape of Good Hope, 1 13. 
Capitay, 132. 

Carbonates in sea water, 52. 
Carbonic Acid in sea water, 63, 68. 
Carlyle, J. E., 355, 370; African colonics 

and colonization, 94. 
Cassati, Signor, 170. 
Cassini on apparent movements of stars, 

25. 
Castor, motion of, 35. 
Carthage, 90 ; ancient colony of, 97. 
Carulla, F. J. R., 387. 
Certificates of death often false, 320. 
Cetewayo, 125. 
Ceuta, 148. 

Chafarina Islands, 148. 
Chaka, 120. 
Challenger, The, chemical researches of, 

Chalmers, James, architect, 358. 

ChampolUoD, 271. 

Chemical Section, council of, 383 ; report 

of, 354. 
Childhood, skull in, 343. 
Cholera, and the germ theory, 218. 
Cholera, Chiistie's suggestions as to, 

•->19. 
Cholera, etiology of, in Africa, 206. 
Cholera, Dr. Christie on precautions 

against, 203. 
Christie, astronomer, reference to, 35. 
Christie on application of spectroscope to 

astronomy, 35. 
Christie, Dr. James, on national and local 

precautions against cholera, 203. 
Christie, Dr. J., 365, 373. 
Christianity in the Congo, 157. 
Church Missionary Society, 166. 
Church, W. R. M., 357, 358. 
Cities, Key on water supply of, 74. 
Cleland, Professor J., on form of human 

skull, 341, 378; reference to his lecture 

on "Terminal Forms of Life," 2. 
Clarence Peak, 149. 
Cleopatra's Needle, 375, 268. 
Cleveland, 242. 
Clydesdale Ironworks, 302, 303. 
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Cohn, Di*. F., effects of cold on Bacteria, 
&c., 223. 

Cold, effects of, in putrefaction, 223. 

Coleman, J. J., 354, 355, 376, 378, 386; 
and J. G. M*Kendrick on effects of 
cold on putrefaction, &c., 223; on an 
air or gas thermometer, 220; on arti- 
ricial light, 238; on iron galvanic cell, 
239, 240; on low temperature, 43; on 
the liquefaction of atmospheric aii', 
232; memoir of Mr. James Napier, 183; 
letter from, as to Graham medal, 368. 

Committees of Council, 382. 

Compressed aii*, 241. 

Congo, 104, 161; limits of free trade, 
area of, 154; limits of various nations 
as to territory in, 158, 159; region, 
152; extent of, 152, 153. 

Connal, M., 365. 

Conring, reference to, 37, 42. 

Constantinople, obelisk at, 273. 

Copemican system, 23. 

Copper-smelting, 176. 

Copts, 96. 

Cordon sanitaire, objections to, 219. 

Corisco, 142, 149. 

Coroner's inquest and certified deaths, 
321. 

Corresponding members, list of, 394. 

Council's Committees, 382. 

Council, list of members, 381. 

Council's Report, 360. 

Cran, J., k Co., presentation of steam 
whistle by, 377. 

Crosskey, H. W., 386. 

Crowther, Samuel, travels of, 165. 

Cust on languages of Africa, 163. 

Cyclones, nature of, 194. 

C^enaica, 98. 

Cyrene, colony of, 98. 

Danakiles, 168. 

Darfur, 163. 

Darling, G. A., reference to, 73. 

Davidson, J., 372, 375. 

Deaths, uncertified, Glaister on, 305. 

De Brazza, 135, 143. 

DelagoaP»ay, 110, 111. 

De Lesseps, 147. 

Democritus, 287. 

Democritns, editions of chemical writings 

of, according to Mr. FerKuson, 44. 
Democritus, first chemical writinffs of, 

36. 
Derby, Earl of, 121, 129, 147. 
Dewar, Professor J., on critical point of 

oxygen, 233, 243. 
Dewar, T. W., 366, 370. 
Din^aan, 125. 
Dimzulu, 125. 
Dissociation- tension of CO, in sea water, 

69, 70. 
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Districts iu Scotland, uncertified deaths 
in, 318. 

Dittmar, Professor, 385; method of de- 
termining CO 2 in sea water, 67 ; on 
amount of carbonate of lime in sea 
water, 68; on condition of CO.j in sea 
water, 65; on bromine in sea water, 
55; on CO, in sea water, 63; on dis- 
sociation-tension of CO 2 in sea water, 
69, 70 ; on origin of CO, in sea water, 
68 ; on salinities of sea water, 57, 367 ; 
on the composition of sea water, 47 ; 
on total amount of CO^ in ocean, 72 ; 
on total amount of carbonate of lime 
in ocean, 73. 

Dobbie, 370. 

Dobbie, A., 367. 

Dolichocephali Utiores, 350, 351. 

Dominico Pizimenti, translation of 
chemical writings of Democritus by, 36. 

Dongola, 104. 

]>oara, village of, 210. 

Downing, on motions of stars, 29. 

Drainage of new buildings, 253, 254. 

Drain-testing, 251. 

Drummond, Prof. H., 355, 379. 

Dubrecka, 114. 

Ducan^e, reference to, 37, 42. 

Dutferm, Lord, 170. 

Dufresnoy, reference to, 38, 39. 

Dulti, 165. 

Duncan, Dr. E., 357; on maimre poison- 
ing and pollution of wells, 328, 380. 

Dimcan, Walter, 365. 

Dimdee Police Act, 248. 

Dundee, uncertified deaths in, 308, 309, 
314. 

Dunlop, N., 365. 

Dyeing, Napier's book on, 180. 

Dyeing, Napier on, 173. 

Dyeing Trade in 1833, 173. 

Dyer, J. J., 377. 

Edinburgh, uncei-tified deaths in, 308, 

309, 312. 
Edinburgh Police Act, 248. 
Effluvia from Organic Bodies, Dr. Muir- 

head on, 4. 
Egga, 164. 
Egyptian Obelisks, Dr. T. L. Patterson 

on, 266. 
Einwald, 125. 

Einwald, Herr, quotation from, 119. 
Electro-metaUurgy, Napier's book on, 180. 
Elkington & Mason, 175. 
Elleiy's Melbourne Catalogue of Stars, 

reference to, 32. 
Emin Bey, 170. 
Engineers and Shipbuilders, members of 

House Committee, 382. 
England, uncertified deaths in, 318. 
EDgViBh, C. D., 386. 



finteric fever and milk, 209. 

Erricsou, 298. 

Ethylene, thermal (qualities of, 234. 

Etiolo^ of typhoid fever according to 

Dr. £. Duncan, 333. 
Euphrates, 273. 

Evolution, Dr. Muirhead on, 2. 
Ewing, W., 365. 
Exchanges with other Societies, list of, 

388. 

Fabri, Dr., 129. 

Fabricius, reference to, 38. 

Farm-yard Manure, composition of, 337. 

Faidherbe, General, 141. 

Faraday, 242. 

Faraday on liquefaction of gases, 232. 

FaiT, Dr. 326. 

Favre and Silbermann on oxidation of 
iron, 239. 

Feeling, Dr. Muirhead on the scope of, 7. 

Feeling and perception of relation, 1. 

Feelings, tabulated scheme of, by Dr. 
Muirhead, 10. 

Fergus, Dr. A., 364. 

FergushiU, 331. 

FergushiU squai*e, 210. 

Fer^son, Prof., 365 ; on the first editionB 
of chemical writings of DemocritoB and 
Synesius, 36; postscript to paper on 
chemical writings, of Democntus and 
Synesius, 287. 

Fernando Po, 149. 

Ferreira de Amaral, 108. 

Fijian skulls, 351. 

Finance conmiittee, 382. 

Flaminian obelisk, 277. 

Flatters, CoL, 147. 

Flegel, 165, 167. 

Fleming, W. J. , 365. 

Flourens, vital node of, 341. 

Flower, Prof., on skulls, 348. 

Fontana, 279. 

Fontenelle, quotation from, as to stars 
being suns, 25. 

Forbes, H. O, (traveUer), 355, 375. 

Forehhammer on ocean-water salts, 48. 

Foreign Honorary Members, list of, 393. 

Formosa, 200. 

Forster, W. E., 117. 

Fornightly periodicals, list of, 391. 

Frame, James, 372. 

Fredericksboi^, on the Quinea Coast, 102 

Free State of Congo, extent of, 160 ; pro- 
ducts of, 160. 

French African trade, 138. 

French colonies in AMca, 137 ; extent of 
137. 

French in Algeria, 146, 147. 

French possessions in Africa, 140. 

French, right of, in Congo, 158. 

French skulls, 343. 
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Prere, Sir Bartle, 104, 107, 118, 130. 
Frcre Town, 104. 
Friendly Societies Act, 305, 325. 
Frog, effects of cold on, 229. 
Fryer, Mr., process for excreta, 335. 
Fundamenta Astronomise of Bessel, 28. 
Furnace, the Gorman, 299. 
Futa Jallon, 132, 1C3. 
Fulch territories, 165. 

Gabuu, 137, 142, 161. 

Goetulians, 95. 

Gale, Engineer, reference to, 83. 

Galla Borani, 206. 

Galla tribes, 95. 

Gallieni, 164. 

Galvanic cells, new, 239. 

Gambia, 113, 161. 

Gamgee, Dr. A., effects of cold on putre- 
faction, 224. 

Gando, 163. 

Gartsherrie Iron Works, 296. 

Gascoigne, use of telescopic sights by, 26. 

Gas producer of Gorman, 304. 

Gas thermometer of J. J. Coleman, 220. 

Gases in sea^water, 58, 60. 

Genoa, 101. 

Geographical and Ethnological Section, 
report of, 355 ; office-bearers of, 356 ; 
council of, 384 ; change in constitution 
of, 365 ; election of office-bearers of, 
365. 

Geim theory of disease, 218. 

German colonies in Africa, 127. 

German Company of Niger, 167. 

German missionaries in Zululand, 126. 

German settlements in Africa, 114. 

German skulls, 343, 350. 

German West African trade, amount of, 
136. 

Germany as a colonial power, 136. 

Germany in Zanzibar, 107. 

Gilchrist, Messrs., 172. 

Gilchrist, P. C, 241. 

Gilchrist process, iron manufacture, 241, 
242. 

Gildard, Thomas, architect, 353. 

GUfillan, W., 353. 

Glaister, Dr. John, on legislative reform 
in Scotland in regard to uncertified 
deaths, 305, 357, 380. 

Glasgow catalo^e of stars, 30, 33. 

Glasgow field bleach works, 173. 

Glasgow, interest of, in Africa, 101 . 

Glasgow Police Act, 248, 249. 

Glasgow Sanitary Protection Associa- 
tion, 251. 

Glasgow, uncertified "deaths in, 308, 309. 

Gleimeld Company, Kilmarnock, reference 
to, 34. 

Gmelin, reference to, 38. 

God jam, King of, 169. 



Gold coast, 113. 

Goodwin, R., 358, 365. 

Gordon, Colonel, 148. 

Gordon, General, on the Soudan, 171. 

Gorman on the heat-restoring gas furnace, 
and heating by radiation, 297, 379 ; on 
producing cast-steel or ingot iron from 
crude or pig iron, 289 ; on new double 
refining process, 290. 

Gorringe on obelisks, 272, 282. 

Goshen, 119. 

Gould on Lacaille's star 9352, 29. 

Gow, Leonard, Jun., 358. 

Graham medal, presentation of, 369. 

Graham, Professor, 174. 

Grant, 107. 

Grant, Prof. Robert, 358; on the proper 
motions of the stars, 22. 

Grasse, reference to, 37, 38. 

Gray, Prof. A., letter from, 377. 

Great Namaqualand, 129. 

Greeks, 95. 

Greek colonies in Africa, 99. 

Greenock, deaths certified by procurator 
fiscal in, 322; Police Act, 248; un- 
certified deaths in, 308, 309, 314. 

Grey, Eari, 117. 

Griffin, J. J., 173. 

Groombridge on movements of star 1830, 
29. 

Guild, J. Wyllie, 359. 

Hahn, Dr., 129. 

Haldane, T. Fred., 360. 

Halley, astronomer, date of death of, 27. 

Halley on the movements of certain 

stars, 24. 
Hamburg, 288. 
Hamilcar, reference to, 96. 
Hamitic races in Africa, 95. 
Hamilton, A., 359. 
Hamilton, Sir W., collection of books of, 

in University of Glasgow, 39. 
Hannibal, reference to, 95. 
Hanno, Admiral, reference to, 96. 
Har, 267. 
Harar, 104. 
Haremakhu, 267. 
Harris Papyrus, 269. 
Hatasu, 2^2. 
Hausa, the, 163. 
Heat-restoring gas furnace, 297. 
Heliopolis, 267. 

Henderson's wet process for copper, 240. 
Hercules, constellation of. 33. 
Herero, 129. 
Heroditus, 270. 
Hereroland, 127. 
Hcrschel, Sir John, on weiffht of the whole 

atmosphere, 22; quotation from, as to 

Bessel s Fundamenta Astronomiie, 28. 
Hickory Town, 133. 
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Libvo-PhoenicianB, 97. 

Light, aberration of, effect of, in astrono- 
mical observations, 27. 

Light, artificial, J. J. Coleman on, 238. 

Lime carbonate in sea water, 49. 

Lime, table showing relative quantities 
of, in waters collected in ''Challenger'* 
expedition, 54. 

Lindsay, C. C, 370. 

Lisbon Geographical Society, 112. 

Little Balanea, 133. 

Littlejohn, Dr., on uncertified deaths in 
Edinburgh, 313. 

Livingstone, Dr., 103, 107, 108. 

Lobombo Hills, HI. 

Localisation of nervous agencies. Dr. 
Muirhead on, 3. 

Lofoten Isles, 201. 

Loee, 154. 

Lokoja, 162, 165. 

Loma Mount, 162. 

London, uncertified deaths in, 319. 

Loomis, Elias, 385. 

Lourenzo, Marques, 111. 

Los Islands, 114. 

Lualaba, 104. 

Lucia Bay, 113. 

Luderitz, 125, 128. 

Lupton Bey, 170. 

Luxor obelisk, 274. 

Luzon, 200. 

M*Arthur, James B., reference to, 73. 
M 'Arthur, John, reference to, 73. 
M'Clelland, A. S., 360. 
M'Corkindale, 302, 303. 
M*Ewen, Lord Dean of Guild, 247. 
M*GUvray, R., 353. 
Macgregor Laird, travels of, 165. 
Machell, Thomas, on a new musical 

instrument, 185, 373. 
M'Kendrick, J. G., and J. J. Coleman, 

on efiects of cold on putrefaction, &c., 

223. 
M*Kendrick, Professor, 376, 360, 358, 

235, 237 ; election as Secretary, 365 ; 

on model of brain, 366 ; on ozone and 

putrefaction, 377 ; showed diagi*am of 

musical instruments, 379. 
Mackenzie, 121. 
Mackenzie, Bishop, 126. 
Mackenzie, Donald, 148. 
M'Laurin, J. P. 386. 
M*Onie, W., reference to, 84. 
Madagascar, 104, 138, 201. 
Madler, on motions of the Bradley stars, 

29. 
Mafiu, 106. 

Mage, E., travels of, 164. 
Mago, 97. 

Main, on motions of stars, 29. 
Main, R. B., 372, 375. 



Mairitania, 98. 

Malet, SirE., 112, 161. 

Mandingoes, 151. 

Mankoroane, 127. 

Mann, J., election as treasurer, 365; 
financial report by, 362. 

Manure poisoning. Dr. K Duncan on, 
328. 

Manyanga, 159. 

Mariano, 110. 

Masai, 206 ; cholera amongst the, 207. 

Mashonaland, 111. 

Massabe, 137. 

Massana, 169. 

Massylians, 95. 

Matas de S. Bartolome, 148. 

Mauritius, 201. 

Mauritius, trade of, 113. 

Maury's Physical Geography, 202. 

Mayer, J., 372, 355, 358; memoirs of 
James Napier, by, 172. 

Mayotte, 138. 

Medical certificates of death, 320. 

Medinger, battery of, 239. 

Melimba, 133. 

Members of Society, list of, 393. 

Memnonium, 274. 

Memphis, 267. 

Mena, 266. 

Menelik, 169. 

Menepthath, 275. 

Mental activity, phases of, by Dr. Moir- 
head, 18. 

Mental evolutions in animals, Romanes 
on, 8. 

Mentu, 267. 

Meter, use of water, 77. 

Metronome, a new, 379. 

Micro-organisms, 218. 

Micrococci, effect of cold in, 224. 

Middens, dangers from, 252. 

Mizauld's Memorabilium, copies of, in 
Glasgow, 39 ; in British Museum, 40. 

Mizauld, Antoine, treatise on secrets, 38 ; 
memorabilia, 287. 

Milk trade, dangers to health in connec- 
tion with the, 208 ; milk and cholera, 
209. 

Milk, typhoid fever in relation to, 332. 

Miller, A. Lindsay, 354, 365. 

Mibie, W., 373, 374. 

Milne, Wm., on a new rotiferon, 188. 

Milroy, Dr., of Kilwinning, 328. 

Mills, E. J., on critical point of hydro- 
gen, 237, 244. 

Mitchell, J., on new metronome, 379. 

Moero, 153. 

Mohammedans in Africa, 100. 

Moir, F. W. M., 355, 376. 

Mokha, 168. 

Mombas, 106. 

Monte Citorio, 276. 
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NamidiAzu, 93. 
Xntadcn, €?cct 

obterratzom, 27. 
Xyangwe, l<>i. 
Xjanza, Lake. 1«>I. 
XjauBA, Lake. 110. 



Obeliika, Egyptian, 2SS. 

Obockh, 138. 

Obokh, 167. 
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